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Preface 



The project described in these pages was conceived, reviewed, and funded 
on the premise that improving research and writing skills would increase the 
professional s»atus of women faculty at minority institutions of higher educa 
tion. The project's title, M Advanc*cd Study and Research Skills in Science Educa- 
tion fur Wumcn Faculty at Southern Minority Institutions," describes both the 
purpose and the personnel of the project. Soon after the selection of the partici 
pants, however, the scope of the project broadened. The women selected as 
participants were concerned with the learning of their student*, with the admin- 
istrative and recruitment procedures of their institutions, and with the status 
and survival of all institutions of higher education for ' a '„k students. As the 
women wurked to achieve tne original goal of increases ^.ofessional status by 
improving their knowledge of statistics, their expertise in research design, and 
their skills in writing and editing, they kept in mind an ultimate goal. That is, 
the goal of understanding the problems and process of improv ing science educa 
tion for minority students. In my opinion, they succeeded beyond anyone's 
expectations in reaching both goals. 

This book describes the results as well as the findings jf this project. It is 
dedicated to the women participants and consultants across the United States 
who believed in and worked towards its success. Especially, it is dedicated to 
Bcrntce Guar Cobb whose personal strength and professional integrity set the 
project on the right path. 



Jane Butler Kahlc 

October 1981 

West Lit ay et(e, Indiana 




Forewords 



Minorities and Women ? s Program 

In 1972 the U.S. Co^jrcss created the National Institute of Education 
(NIE) as the primary federal agency fur educational rcscan n and development. 
The two fold mission of NIE was to promote educational equity and to improve 
the quality uf educational practice. In 1976 the Nation .1 Council on Educa- 
tional Research, the statutory policymaking body for NIE, declared in resolu- 
tion: 

It shall he the policy of the National Institute of education to increase the 
participation uf mmoi.ty persons and women in the n search and development 
efforts uf the nat.un through ensuung that qualified miiuTity firms and individuals 
and qualified women arc given infunned opportunity o participate in NIE uro 
giants, and through efforts Co increase the numbers, qual ficatiunsand performance 
uf mmurity firm? and individuals, and women engaged ja cducatiun R&D. 

The NIE Minorities and Women's Program was boi /i out of thai resolution. 
The priority objectives of the program are: 

Tu assist minority persons and women to participate at an advanced level of 
educational research; 

To assist institutions and organisations to establish polities and practices that 
(a) enhance participation uf minority persons and women in educational research 
and (b) ovenome barriers to recognition of research contributions, perspectives, 
and interests of minorities and women; and 

To develop knowledge, information, and designs that art needed to advance 
the foregoing objectives. 

Given that neither term, "minorities** nor "women," connotes a monocthnic 
group, the directions of the program have been diverse. The Minorities and 
Women's Program has supported regional research development workshops, 
seminars on special research topics, and projects in federal educational research 
laboiatoiies. It is probably best known, however, for its grant's program end 
tied "Experimental Program for Opportunities in Advanced Study and Re 
search in Ed' cation." 

Thiee competitions for grants have been held since the inception of the 
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Forewords 



Minorities and Women's Program, a. id final awards from the third competition 
arc pending. The 56 gran.s awarded in fiscal years 1978 and 1979 totaled about 
$3 million and supported some 1,500 minority and women researchers nation 
wide. Projects arc now located in 37 regions. 

The Minorities and Women's Program was pleased to fund the Purdue 
University project entitled "Advanced Study and Research in Science Educa- 
tion for Women Faculty at Minority Institutions" in its first major grants' 
competition. The project director rccognUed that one of the most pragmatic 
approaches to career enhancement is research publicatio; particularly for a 
target group such as the one described in these pages. After more than three 
years of work, it is gratifying to sec fruition of this project's goals in this mono- 
graph. As one personally committed to equity in educational research, I am 
proud to be a part of this venture. 

Sharon Artis 
Project Offi( er 

Minorities and Women's Program Area 
National Institute of Education 
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Alabama Center for Higher Education 

The Alabama Center for Higher Education (ACHE) grew out of a four 
week summer conference un intcrinstitutional cooperation. Eight teams of four 
faculty members and administrators met at Stillman College in 1967 under a 
Ford Foundation grant. The conference was initiated and the funds solicited to 
support rt b> the presidents of Alabama's eight predominately black colleges. 
Incorporated rn Aprrl 1968, a central ofFrcc was established in Birmingham at 
that trmc. The charter members of the consortium constitute the current mem 
bcrship, wrth the exception of the recently closed Daniel Payne College, which 
includes. Alabama A&M University, Normal, Alabama State U '.sity, 
Montgomery, Miles College, Birmingham, Oakwood College, 1 ..itsvillc, 
Stillman College, Tuscaloosa, Talladega College, Talladega, ar.. Tuskcgce 
Institute, Tuskcgce. 

As a voluntary consortium charged with the responsibility o* r promoting 
intcrinstitutional cooperation via the development of cooperative pr^ ^rams, the 
solicitation of funds to support these programs, and assistance with thv admlnis 
tratron of these programs, the consortium has demonstrated success ir. utilizing 
the coopcratrvc approach for the development and expansion of educational 
programs. 

The ACHE is governed by a board of directors composed of the preside ..ts 
of the member colleges. An advisory board of deputies, made up of a vice 
presrdent/dcan appointed by each institution, works closely with the consor 
tium's cxccutrvc director in program development. Initial program planning is 
carried out by faculty and .staffcommittccs, chaired by a member of the adv isory 
board, and comprised of a representative from each member institution. Eight 
to 10 such committees have operated annually. 

The central office operation in Birmingham has grown from a staff of one 
part-time person (director) to a present staff of 32 Having been headed up by 
three temporary directors, the consortium acquired a full time executive dircc 
tor in 1970. Dr. Richard Arrington, Jr., served in that capacity until his 1979 
election to the position of Mayor of the City of Birmingham. Charlena H. Bray , 
the present executive director, has a seven-year tenure with the consortium, 
having held several administrative positions prior to her stint as interim director 
followed by the appointment as executive director. 

As evidenced by staff growth, the ACHE has experienced tremendous 
growth during the seventies in several aspects, the pre ont operating budget of 
approximately $800,000 is 20 times that of the 1970 budget, more than two 
dozen cooperative programs have been developed and implemented, and nu 
rnerous seminars, workshops, and symposia have been implemented. Further 
impact is evidenced by the nature of external support for the cooperative pro 
grams which has been an annual mix of federal and private dollars. 
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Program areas of cooperation have been diverse to include. (1) the estab- 
lishment of an effective linkage between the colleges and rural, predominantly 
black communities across the state via the Human Resources Research and 
Development Program which embodies the major tenets of higher education - 
instruction, research, and sen ice, (2) cultural enrichment programs such as the 
annual music and art festivals, interchange of performing artists and lecturers, 
(3) improvement of instruction programs such as the Gerontology Career Prep- 
aration Program, the Minority Hypertension Research Program, Collection 
and Evaluation of Materials about Black Americans, Mini-Grant Program, (4) 
student enrichment programs to include rural and urban experiential learning 
programs, (5) service programs such as the Community Acceptance Program 
which serves offenders and ex-offenders, the Special Veterans Program, the 
Public Service Employment Program, and (6) the publication of a wide range of 
documents which reflect the issues and concerns of the consortium members. 
Reflected in this partial listing arc joint programs which extend beyond the 
boundaries of the consortium members to other postsecondary institutions, 
such as this linkage with Purdue University. 

The challenges presented by the eighties arc numerous and complex, cer- 
tainly the past accomplishments have provided a basis for extending and ex- 
panding the concept of cooperation as a strategy for these member institutions 
to both expand and enrich theii educational programs. 

Chartena H. Brav 
Executive Director 
Alabama Outer lor 
Higher Education 
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1 A Cooperative Pursuit 
of Excellence 



The job of NIE —and of all A merican educators — is to increase educa- 
tional achievement m this country. We must move beyond providing simple 
"opportunity," to ensure not only that people take advantage of opportunity, 
but that the opportunity is so compelling that they go on to achieve substantial 
educational skills. We must be particularly concerned with those persont 
from whom academic eminence has bec\eTusive in the past. 

These goals will not be accomplishexcin a fewyears, nor perhaps even in 
a generation. But that is the course we must set. 

— Patricia Albjerg Graham, NIE Director, September 7, 1977 

Introduction 

When in 1978 the National Institute of Education (NIE) released its first 
request fur proposals fui its new program area, Minorities and Women, two 
women — one in Lafayette, Indiana, and the other in Birmingham, Alabama- 
saw an opportunity too compelling to miss. Jane Butler Kahle, Purdue Univer- 
sity, and BermccCoarCobb, Miles College, had worked together before. Kahle 
directed the final stages of Cobbs doctoral dissertation, and Cobb had assisted 
in a prcservicc biology methods course, taught by Kahle. Since Cobb's return to 
Birmingham, they had consulted with one another on several federal and insti- 
tutional projects. Together and separately, they had struggled with problems of 
women in academe, such as intellectual isolation, career interruptions, and lack 
of mobility. In addition, they were aware of the continued need to encourage 
women to do research and to publish. They had been able to work together in 
spite of geographical and instUutional barriers, they believed they could design 
a project to help other women. Each represented a different component in 
higher education, each could contribute unique strengths and skills to such an 
endeavor, and each was determined to demand the high performance necessary 
to ensure academic eminence. 

This monograph describes the project which resulted from their efforts. 
Beginning with the funding agency and ending with the participants' original 
research, the project symbolizes a cooperative pursuit of excellence in educa- 
tional research. In the three years of its existence, the goals of equality, excel- 
lence, and eminence were stressed and, hopefully, reached. However, as Gra- 
ham suggests, the full impact of the work described in this monograph may be 
years away. 
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Double Dilemma 



National Institute of Education 



(a) (1) The Congress hereby declares it to be the policy of the United States to 
provide to every person an equal opportunity to receive an education of high quality 
regardless of race, color, religion, sex, national origin, or social class. Although the 
American educational system has pursued thi3 objective, it has not attained that 
objective. Inequalities of opportunity to receive 'high quality education remain 
pronounced. Tu achieve quality will require far more dependable knowledge aboul 
the process of learning and education than now exists or can be expected from 
present research and experimentation in this Held . . . 

(b) (1) In order to carry out the policy set forth in "subsection (a), w there is 
established the National Institute of Education. . . . (Section 405 of the General 
Education Provisions Act, as amended, 20 U.S. Code 1221 e, PL 92-318) 

With that edict, Congress created in 1972 the National Institute of Educa 
tion. Furthermore, they instituted the National Council of Educational Re 
search (NCER) as its policy-making body. 

Historical Background 

Originally, the National Institute of Education received a mandate to 
improve education through curriculum reform. It continued the federally spon- 
sored curriculum programs which began in the late 1950s with the National 
Science Foundation's Course Content Improvement Program. This program 
had funded and developed curricula primarily in the natural arid physical 
sciences, mathematics, and social studies. Under the auspices of NIE, curricu 
lar innovations were expanded into other content areas. Instructional pro- 
grams, sponsored by the NIE, were developed, coordinated, and implemented 
by 17 regional laboratories and research centers. Both centers and laboratories 
were established in the mid 1960s by the U.S. Office of Education, and respon 
sibility for their support was transferred to NIE in 1972. From 1972 until its 
reorganization in 1977, NIE directed most of its monies toward curricula devel 
opmcnt and related activities. In addition, approximately one third of Us an 
nual budget was directed toward the support of the centers and laboratories. 

The laboratories are independent, nonprofit organizations which serve a 
specific geographical region. Research centers, on the other hand, arc located in 
exemplary facilities and affiliated with universities. 1 Basically, they differ in the 
following ways, laboratories emphasize applied research, dissemination, and 
technical assistance activities, and centers conduct basic research. The locations 
as well as spheres of influence of both laboratories and affiliated centers are 
shown in Figure 1.1. 



18 



A Cooperative Pursuit of Excellence 



3 



FIGURE 1.1 
NIE Laboratories and Research Centers 




KEYS; Regional Educational Laboratories and States Served: 

A Appalachia Educational Laboratory, Inc. 
T CEMREL, Inc. 

t Far West Laboratory for Educational Research and Development (FWL) 

* Mid'Contincnt Regional Education Laboratory (McREL) 

fl Northwest Regional Educational Laboratory (NWREL) 

T Research for Better Schools, Inc. (RBS) 

1 Southwest Educational Development Laboratory (SEDL) 

d Southwest Regional Laboratory (SWRL) 



* National Research Centers (locations utcd in Notes). Center for the Study of Evaluation 
(CSL), Research and Development Center for Teacher Education (RDCTE), Institute for 
Research on Educational Finance and Governance (IFG), Learning Research and DcvcJ 
opmcnt Center (LR DC j, Center for Educational Policy and Management (CEPM), Ccn 
tcr for Social Organization of Schools (CSOS), Wisconsin Research and Development 
Center lor Individualized Schooling (WRDCIS), National Center for Research on Voca 
uonai Education (NCRVE), and National Center for Higher Education Management 
Systems (NCHEMS). 
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In 1977, Patricia Albjerg Graham was appointed director of the NIE by 
President Carter. She undertook an indepth study of the institute and its pro- 
grams and recommended a reorganization of structure as well as a shift in 
mission. A major reorganization, approved on March 21, 1978, fucused atten- 
tion on basic and applied research and educational equality and deci cased 
emphasis un cunicular reform. It reduced the number of program groups from 
six to three. Teaching and Learning, Disserrii nation and Improvement ofPrtic- 
ticc, and Educational Policy and Organization. These three units and their 
stated purposes are shown in Table 1.1. 

The allocation of NIE funds, shown in Table 1,2 mirrors the change in 
emphasis. In 1974, 66% of the total budget was directed toward curricula 
development under the auspices of the units equivalent to the Teaching and 
Learning section. Less than 20 % were allocated to either Dissemination and 
Improvement of Practice or to Educational Policy and Organization. By 1979, 
Dissemination and Improvement of Practice received 307o of the total, while 
the tillocation to the Teaching and Learning section was decreased to 49 % . The 
Dissemination and Improvement of Practice program group includes the Mi- 
norities and Women's Program and, thereby, is the aria primarily concerned 
with educational equity. Since 1977, a major portion of NIE's budget has been 
directed toward the equalization of educational opportunities (Schaflfarzick and 
Sykes, 1978). 

The ultimate effects of the NIE reorganization and policy reform cannot be 
assessed at present, but several changes have occurred as a result of the shift in 
priorities. For example, its sponsorship of curriculum development activities 
has declined while support for fundamental research has increased. In the 
future, the institute may sponsor a few large developmental projects. In all but 
exceptional circumstances, these large developmental projects will be initiated 
only if they are essential to the equalization of educational opportunity. Con- 
currently, NIE has redirected its development-related activities to the imple- 
mentation and dissemination of applied research. 

Minorities and Women's Program 

Although members of minority groups comprise 17% of the population of 
the United States and women account for 33% of our population, neither group 
is adequately represented in the educational research community. Tor example, 
less than 7% of educational research is conducted by minority members (Kalile, 
1980). Likewise, although women now hold approximately 25% of all faculty 
positions, they are under represented In all activities included undci the aegis of 
research. For example, proportionately fewer women than men sit on research 
review panels, serve as directors of federal projects, or publish in scholarly 
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TABLE 1.1 



Program Groups of the National Institute of Education 



I 

O 

s 

to 

s 



Units 



Purpose 



c 



§ O 

I w 

c 

o 



Educational Finance 
Law and Public Management 
Educational Organization and 
Local Communities 



3 



To support research in the: 
1. Formation and implementa- 
tion of education policy 
2; Tnstitutionaland social struc- 
tures within which people are 
educated 

3. Impact of education policy, 
management, and financial 
practice on equal educational 
opportunity 

4. Generation and distribution 
of revenues for education 

5. Relationship between law 
and education 



c 

to 



■£ < — ' 



Reading and Language Studies 
Learning and Development 
Teaching and Instruction 
Education in the Home, Work, 

and Community 
Testing, Assessment, and Eval- 
uation 



To support research in: 

1. Human learning and devel- 
opment 

2. Processes of instruction, and 
related subjects 



-8 5 

F « P 

s & 



Research and Educational Prac- 
tice 

Information Resources 
Regional Programs 
Minorities and Women's Pro- 
gram 



To support research: 

1 . In the dissemination and uti- 
lization of knowledge 

2. With activities to increase the 
availability of knowledge to 
all in the educational com- 
munity and others 



journals. This overall underrcprcscntation was one of the major reasons why in 
1976, NIE organized a program area specifically for minorities and women. 
Developmental involvement *nd research arc the main concerns of this spon- 
sored program. 

The minorities and women's section of NIE has stated that its purpose is "to 
strengthen the quality, relevance, and credibility of educational research by 
encouraging the participation of minority persons and women" (National Insti- 
tute of Education, 1980). NIEs means of encouragement and support are 
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TABLE 1.2 



NIE Funding by Program Groups during Fiscal Years 1974, 1977, 1970, and 1979 





FY 1974 


FY 1977 


FY 1978 


FY 1979 


Program Groups 


% 


$M 


% 


$M 


% 


$M 


% 


$M 


Teaching and Learning 


66 


42.6 


55 


32.0 


52 


39.7 


49 


39.2 


Dissemination and Improve- 


















ment of Practice 


19 


12.2 


26 


14.9 


29 


22.2 


30 


24.5 


Educational Policy and Or- 


















ganization 


15 


9.9 


19 


10.9 


19 


14.3 


21 


16.5 


Totals 


100 


64.7 


100 


57.8 


100 


76.2 


100 


80.2 



SOURCE. Fifth Report of the National Council on Educational Research, 1981, p, 19. 

NOTE This tabic reflects the NIE budgets iui FY 1978 and FY 1979 under program areas as 
reorganized in 1978. Budgets for FY 1974 and FY 1977 are shown for comparative purposes as diey 
might have appeared under the present reorganisation. This docs not include NIE program duet- 
tion and administrative costs. 



institutional grants and special projects. The grants and special projects arc 
instrumental in providing services to minoiities and wumcn such as increasing 
their research skills, providing them with role models, and informing them of 
access routes to new opportunities. To reach its goal, NIE has formulated the 
following objectives: 

1. Help minorities and women to participate at an advanced level of 
educational research and related work; 

2. Assist institutions to establish policies and practices that 

a. enhance participation of minorities and women in all aspects of 
educational research; 

b. overcome barriers to recognition of their research contributions, 
perspectives, and interests; and 

3. Develop knowledge, information, and strategies to advance the forego- 
ing objee ives (Minorities and Women's Program, pamphlet). 

The first director of the Minorities and Women's Program was Dr. Gwen- 
dolyn Baker. Under her energetic leadership, the section undertook the task not 
only of training more women and minority persons but also of encouraging 
them to achieve higher status. A task force identified three barriers which 
inhibited full participation by these groups: 

1 . Limited access to advanced training; 

2. Insufficient access to formal and informal networks relating to icscaich 
and publishing; and 
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3. Lack of role models (Baker and Hartley, 1979, p. 3). 

In order to eliminate or to eradicate these barriers, the Minorities and 
Women's Program sponsors both institutional grants and special projects. 
Lung-term institutional grants arc awarded to the laboratories, the research 
centers, and to institutional projects that increase the awareness of women and 
minorities to opportunities existing within universities and other institutions. 
These grants arc designed to provide research and leadership positions for 
women and minorities. Institutional grants must be supported by a major 
institutional commitment to equalize the roles and status of women and minori 
tics within the institution. 

Special projects, on the other hand, arc short-term, smaller grants which 
do not require <*n institutional commitment. Many special projects may be 
instrumental in equalizing opportunities for women by enhancing their re- 
search skills, by providing them with role models, and by informing them of 
new career opportunities. The cooperative effort between Purdue University 
and the colleges of the Alabama Center for Higher Education (ACHE) was a 
special project sponsored by the Minorities and Women's Program of the Na- 
tional Institute of Education. 

Minorities and Women's Project 

Although both women and minorities arc undcrrcprescntcd in educational 
research in general, they are practically invisible in the specialized arc,a of 
science education research. Since this is the area of expertise of Cobb and 
Kahlc, they proposed a project to enhance the full participation of women in 
research activities in science education. KamVs proposal, "Advanced Study and 
Research Skills for Women Faculty at Minority Institutions" was one of the 
original eight spccml projects funded by the minorities and women s section in 
1978. Subsequently, it received two additional years of funding, bringing the 
total period of support from October 1, 1978 to December 30, 1981. 

Goals and Objectives 

The project addressed many factors which affect the scholarly research and 
publication productivity of women faculty at minority institutions. Specifically, 
the target population was women in science' and science education from the 
colleges affiliated with the Alabama Center for Higher Education. 1 It was 
designed to assist these women through the total process of research and disscm 
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ination of findings b> their participation in two summer workshops at Purdue 
University, by their investigation of a research problem on their home cam 
puses, by their presentation of invited papers at national conventions, and by 
their preparation of research papers suitable for publication in refcrced jour 
nals. 4 

Specifically, the project addressed the following eight objectives. 

1. Upgrade the-rcscarch skills of women JacultyiVorruminority institu- 
tions; 

2. Implement rigorous standards for educational research, based upon a 
model of paradigm-based research which may be replicated by inde- 
pendent investigators on separate campuses; 

3. Develop self awareness and confidence among the participants so that 
they become more effective faculty members at their home institutions, 

4. Provide professional sponsorship, mentorship, and collaborative ar- 
rangements between primarily teaching faculty at small minority col 
leges and experienced women researchers from a variety of institutions 
and professional positions; 

5. Enhance opportunities for dissemination and publication of research by 
women faculty on minority campuses by arranging for seminar presen- 
tations at two national meetings of appropriate professional organ iza 
tions, by providing detailed information concerning publications, and 
by using editors of science journals as part of the instructional staff; 

6. Enhance career opportunities of women faculty at minority institutions 
by providing them with an understanding of research procedures neces- 
sary for productive, rigorous research; 

7. Establish a supportive network between a southern consortium of mi 
nority colleges and a major university so that each becomes cognizant of 
the potential opportunities for further faculty and student exchanges as 
well as research opportunities unique to each campus; and 

8. Increase awareness of the problems facing women (especially minority 
women faculty who routinely have heavy teaching duties and thus fewer 
opportunities for research and professional advancement) at the host 
and home institutions by actively involving key administrators in the 
project. 

First Year 

The major activities of the first year of the NIE-Purdue project were 
recruitment and selection of project participants and the planning and imple 
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mentation uf a month-long training workshop. To recruit participants, the 
following items were developed, a publicity brochure describing the project, a 
comprehensive application form, and a personalized recruitment plan which 
reached a maximum number of potential applicants. The project's success owes 
much to the recruitment activity . Cobb, associate director of the project, solic- 
ited the help of the director of ACHE with publicity, and Cobb personally 
visited each campus in the consortium. Since the number of women in science 
and in science education was small, she also visited other campuses in Alabama 
and Georgia, met with prospective participants, and discussed with them both 
the specific details of the project and any general concerns (such as living 
arrangements and "atmosphere" of a large, rural, mldwestern campus). Appli- 
cants frequently voiced a fear of failure but the reassuring approach of both 
Cobb and Kahlc mollified that concern. Since the director and associate direc- 
tor knew that the faculties of the tar get colleges were integrated, they anticipated 
a racially mixed group of applicants. The applicants chosen were all black 
women who were characterized by the Mycrs-Briggs personality scale as confi 
dent, extroverted types. Information concerning their academic preparation as 
well as their faculty status is given in Chapter 2. 

When die participants had been selected and their applications and other 
communications had been studied carefully, a seminar series and an overall 
research design was developed. The four-week workshop in the summer of 1979 
was primarily an intensive training period in advanced research techniques. 
The first week's activities concerned women in academe and paradigm-based 
research. The second week's activ ities consisted of considerations of educational 
measurement techniques and of research constraints. During the third week, 
intensive sessions on the statistical analysis of data as well as individual confer 
enccs concerning areas of research interest were held. The last week of the 
workshop involved additional seminars concerning research design and ev alua 
tion methodologies. 

All of the workshop activities promoted the development of collaborative 
arrangements and relationships among ihc participants and consultants. Ap- 
proximately 20 consultants, primarily women, were inv olv ed in teaching and in 
presenting seminars during this period. Although their indiv idual contributions 
arc too lengthy to be credited, they arc acknowledged in Appendix B. Indeed, 
their contributions of time, information, andtidvicc were unselfish and remark 
able. Mcnturshtp and role-model relationships were fostered which arc still 
flourishing. 

During this period, the participants also developed a battery of back- 
ground questions, applicable to student populations in each institution rcprc 
scnted. Standardized measures of attitude, of spatial experience, of locus of 
control orientation, of cognitive style, of achievement, and of school ability were 
selected. These measures are described in Appendix D. This initial phase pro- 
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vidcd the background the participants would need to carry out their projects 
and to continue to participate in research and writing. 



Second Year 



The major activity of th&sccondycar.ofthaprojcct.waslhc implementation 
of i»,scarch projects by the participants. At the completion of the initial sum- 
mer's workshop, the participants returned to their home campuses with re- 
search problems to investigate and a number of standardized measures to ad- 
minister. Carrying out their research projects required most of the 1979-1980 
academic year. The availability of computer facilities and of assistance in data 
analysis on their home campuses was a major concern, expressed by the partici- 
pants during their stay in Lafayette. Therefore, data were collected, sent to 
Purdue University for analysis, and returned to the individual researchers for 
interpretation. The analyses used were selected jointly by the senior research 
associate and the participants. During this second year, each active participant 
completed a preliminary paper for presentation at a national conference 4 

Three participants presented their research papers as part of a symposium 
at the 1980 Association for Educators of Teachers of Science meeting held in 
conjunction with the National Science Teachers Association's annual conven- 
tion. The remaining five participants presented papers at the 1980 National 
Association for Research in Science Teaching annual meeting The papers were 
particularly well received at this meeting. The session during which these pa- 
pers were delivered was filled with concerned leaders from the science education 
community, who commended the authors on their work and on their diligence 
in conducting research in situations not generally conducive to such activities 

Prior to the second summer's workshop, each participant's paper was criti- 
cally reviewed by the project director and by editors of science education 
journals. These editors were the primary staff for the second workshop and are 
listed in Appendix B. Their reviews made possible immediate revisions and new 
statistical analyses once the participants reconvened at Purdue University The 
second summer's activities were condensed into a three-week period during 
July, 1980. Throughout the workshop, original manuscripts were rewritten by 
participants and critiqued by staff and participants as well as by a science editor 
from a major publishing house. 

During the second year of the project, a viable network among women 
faculty on the campuses of the ACHE consortium was successfully established 
In addition, strong, supportive contacts were continued between the partici- 
pants and a wide variety of women and men in science, science education, 
publishing, and research. Furthermore, participants had been guided through 
the first two phases of productive research. That is, they had conducted an 
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experimental research project, and they had presented their findings in both 
• oral and written reports. 



Third Year 

Dissemination was the primary objective of the third year of the project, 
and it was implemented in four ways: 

1 . Submission of each participant's article to an appropriate journal; 

2. Revision of participant articles for submission to the Anniversary Issue 
of the Journal of Negro Education; 

3. Preparation of the final monograph; and 

4. Presentation of a wide variety of papers and seminars by both project 
director and associate director and by project participants. 

Successful publication of participant papers completed the full circle of ad- 
vanced study skills which were the original goal of the project, Participants had 
designed and implemented a research project and had written and published 
their findings. In addition, they had updated their research and statistic al skills 
and had interacted cooperatively with many members of the science education 
community. In other words, they had taken their rightful place in the main- 
stream of the science education research community. 

The project has had a significant impact on both the host institution, 
Purdue University, and the home institutions of the participants. Numerous 
faculty and administrative personnel at Purdue and in home institutions have 
contributed their time and expertise to the project and interacted with the 
participants. A supportive network has been established between the cooperat- 
ing institutions as faculties shared in research projects. It is expected that the 
training in advanced research techniques, the actual presentations and publica- 
tions of research papers, and the mentor relationships established will increase 
the future participation in educational research of the minority women involved 
in the project. 

Cooperating Institutions 

Four southern colleges and universities under the aegis of the Alabama 
Center for Higher Education as well ks Atlanta Junior College cooperated with 
Purdue University in this project. Figure 1.2 illustrates the interinstitutional 
nature of the project and lists the individual participating components. 
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Alabama Center for Higher Education 

The Alabama Center for Higher Education (ACHE) includes seven pre 
dominaritly black senior colleges in Alabama, four of which had faulty mem 
bcrs involved in this project. ACHE promotes expansion and enrichment of 
educational programs at its member institutions while minimi/.ing their opera- 
tional expenses. Interaction and cooperative efforts among the seven colleges 
are also encouraged. As the consortium continues to grow, it demonstrates Its 
success in the diverse programs it sponsors. Brief descriptions of a variety of its 
activities illustrate the depth and breadth of the consortium's involvement in 
higher education in Alabama. 

"Communiversity" is the name of ACHE's Community Outreach Pro- 
gram. Individual outreach efforts throughout Alabama are included in the 
"communivcrsity" concept. Outreach programs include the following activities. 

1. The Cooperative Counseling and Recruitment Program furnishes ru 
ral, college age students with access to higher education. 

2. The Admissions and Recruitment Program provides each college with 
an additional full time recruitment and admissions employee, with 
travel funds for recruitment, and with help in developing and produc- 
ing promotional literature. 

3. The Special Veterans Program aids disadvantaged veterans who are 
educationally deprived, unemployed, and underemployed, 

4. The Special Services Penal Program provides courses at the college 
level and below for persons Incarcerated at two of Alabama's correc- 
tional institutions'. 

5. The Human Resources Research and Development Program provides 
additional ruial community outreach services such as fiscal manage- 
ment training and community development research, as well as analy- 
ses of local governments, community agencies, economic cooperatives, 
and civic organizations. 

ACHE also sponsors the Cooperative Cultural Enrichment Progiam 
which include a weekly, 30 minute television broadcast entitled "Profiles of 
Black Culture," an annual musical festival, and an annual art festival. In add! 
tion, it sponsors lectures, concerts, and performances at the colleges in the 
consortium. This collaboration results in quality programs at lowered costs to 
the member institutions. 

Innovative academic foci under ACHE aegis assure high quality educa 
tional programs for increasing numbers of students and faculty. Foui well 
established programs arc. Cooperative Curriculum and Degree Pi ogr arris, Co 
operative Academic Internship Program, Faculty Mini Grant Program, and 
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Gerontology Training Program. Of particular intercut to science faculties and 
students arc the Cooperative Curriculum and Degree Programs in which stu- 
dents enroll in dual degree programs. They begin thcii higher education at a 
home institution, transferring to Tuskegce Institute to complete their course 
work in veterinary medicine, engineering, or architecture. In this way, they 
first matriculate at a smaller institution and at a lower cost. Degrees arc 
awarded by both the home institution and Tuskegce. Table 1.3 presents the 
timetable and degree options offered through this program. 

TABLE 1,3 



Timetable of Cooperative Curriculum and Degree Programs 





Years 


Years at 






at Home 


Cooperating 




Program 


Institution 


Institution 


Degree 


Engineering 


3 


2 


B.A.*,B.S/* 


Veterinary Medicine 


2 


2 + 2 


B.S.'.D.V.M." 


Architecture 


3 


2 


B.S.** 



SOURCE: Alabama Center for Higher Education Bulletin 
*Hoinc institution; **Tuskcgcc Institute, 



Ethnic heritage is a prime concern of the administrations, faculties, and 
students of ACHE's member institutions. Three major programs provide his- 
torical and cultural information about black Americans. First, the Collection 
and Evaluation of Materials about Black American* Program collects and pro- 
vides library materials regarding the history of Afro- Americans. In addition, 
this program coordinates ACHEs Ethnic Heritage Program. Second, the state 
wide Oral History Project acquires information for the black community about 
the civil rights movement in Alabama. This information, useful for understand- 
ing past and present struggles for equality, is available for research studies as 
well as for instructional purposes. Third, the Ethnic Studies Research and 
Curriculum Development Program hopes to incorporate black heritage mate- 
rials into the curricula of colleges and high schools in Alabama. It also aids the 
Oral History Project by focusing on the literature, music, and folklore of black 
Alabamians. 

These diverse programs arc only a sample of the many activities sponsored 
iy ACHE. It publishes a newsletter and helps to publicize projects such as the 
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one described in this monograph. Both the past executive director of ACHE, 
Richard Arrington, currently mayor of Birmingham, and the current director, 
Charlena Bray, lent their personal and professional prestige to the inception 
and completion of this project. 

Representatives of four ACHE campuses participated in the urduc Uni- 
versity project. These institutions happen to be geographically clustered in the 
northern half of Alabama, as shown in Figure 1.3. Of the colleges represented, 
two are public institutions, two are church-related, and one is private, nonde- 
nominational. They have student bodies ranging in size from 650 to over 4,600. 
Degree programs offered at one or more of these institutions range from Associ- 
ate of Arts, to Bachelor of Arts and Bachelor of Science, to Master of Science. 
Although several of the colleges have open admissions policies, all specify ad- 
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Locations of Institutions Represented in the Purdue University Project 
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mission criteria. Figure 1.4 compares admission requirements to degrees con- 
ferred and demographic data fiom the colleges with participating faculty. One 
. of the primary deterrents to the higher education of blacks is lack of adequate 
funds. This concern will be presented histoiically in Chapter 3. However, as 
Figure 1.5 illustrates, all of these institutions offer a variety of federal and state 
aid programs. Collectively, the colleges represented are primarily small, black 
institutions which confer baccalaureate degrees. A discussion of their indiv idual 
differences and strengths follows. 

Alabama Agricultural and Mechanical University 

Alabama A&M University is located in the business district of Huntsville, 
Alabama, a city of 150,000 people which also has a major space and electronic 
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research tenter. On its 800-atrc campus, A&M has an enrollment of 4,600 
students of which approximately 1 ,100 are graduate students. The university is 
a coeducational land-grant institution supported primarily by the State of Ala- 
bama and federal funds'targctcd to meet the objectives of the Morrill Acts of 
1862 and 1890. Alabama A&M University is fully accredited by the Southern 
Association of Colleges. In addition to this comprehensive accreditation, the 
following professional schools within the university are individually accredited 
by their respective associations: 

1. School of Agriculture and Environmental Science by the Institute of 
Food Technologists 

2. School of Education by the National Council for Accreditation of 
Teacher Education 

3. School of Library Media by the American Library Association 

4. Department of Community Planning by the American Institute of 
Planners. 



Miles College 

Miles College was established nearly a century ago by the Colored Meth- 
odist Episcopal Church. The college, located in Fairfield, Alabama, occupies 35 
acres. For most of its years of service, Miles College has been the principal 
collegiate institution open to black students in the metropolitan area of Birming- 
ham. It serves approximately 800 students in a coopcrativ e association with the 
University of Alabama in Birmingham. Miles College, a four-year, accredited, 
liberal arts college, maintains an open admission policy. It is an accredited 
member of the Southern Association of Colleges and Schools and was voted into 
membership in the United Negro College Fund in January 1972. 

Stillman College 

Originally established as a training school for black ministers, Stillman 
College expanded its educational programs as the need for other academic 
programs increased. Stillman College is located in Tuscaloosa, Alabama The 
100-acrc campus serves a student population of 650. Stillman is a four-year 
coeducational college which offers the Bachelor of Arts and Bachelor of Science 
degrees. It is accredited by the Southern Association of Colleges and Schools 
and is a member of the Association of American Colleges and the American 
Council of Education. 
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Talladega College 

Talladega College, located in Talladega, Alabama, was the first college 
opened to blacks in the State of Alabama. It began in 1867 as a piimary school. 
Today, this liberal arts institution serves approximately 700 students. The 
college is housed in 18 main buildings on 50 of its 130 acres. Talladega College, 
recognized nationally and regiontilly, is accredited by the Association of Ameri- 
can Universities and the Southern Association of Colleges and Schools. 



Atlanta Junior College 

One participant in this project came from Atlanta Junior College which is 
nut a member of ACHE. Atlantajunior College, located in Atlanta, Georgia, is 
the thirty second institution uf the University Sy stem of Georgia. It opened in 
September, 1974, with <m initial enrollment of 504 students and presently 
serves an interracial population of approximately 1 ,700 students. The college is 
located next to Atlanta Area Technical School on an 83-acre wuoded tract. 
Atlanta Junior College is fully accredited by the Southern Association uf Col- 
leges and Schools. Credits earned at Atlantajunior College arc accepted by all 
other units of the University System of Georgia. An associate degree is awarded 
by this institution after the successful completion of course requirements. 



Purdue University 



Purdue University, located in West Lafayette, Indiana, is a land-grant 
coeducational institution with an enrollment of 32,000 students on its main 
uirnpus. Purdue University has regional campuses at Calumet, Hammond, 
Fort Wayne, and Westv tile, Indiana, and offers academic programs at Indiana 
University Purdue University at Indianapolis. The academic programs availa- 
ble on the central campus lead to the baccalaureate, masters, and doctoral 
degrees. Purdue University is fully accredited by national, regional, and many 
professional agencies. It is a member of the North Central Association of Col- 
leges and Sccondaiy Schools. Purdue University has been selected as one of the 
48 member institutions in the Association of American Universities. 
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Science Education at Purdue University 

Purdue University has a unique science education program due to the 
strong interests of the science and mathematics departments in quality instruc- 
tional programs. Excepting elementary science education, all of the science 
education programs are joint ones between each of the departments of Biologi- 
cal Sciences, Chemistry, Gcoscicnccs, Mathematics, and Physics and the De- 
partmcnt of Education. The faculty all hold joint appointments between two 
departments and support in terms of graduate assistants, secretarial staff, facili- 
ties, and other materials may come from cither department. In general, this 
pattern has several distinct advantages: 

1 . Close liasons arc maintained within an academic area. 

2. Support is more plentiful than would be likely within a single depart- 
ment. 

3. The level of graduate students is extremely high as many are attracted 
to the interdisciplinary program. 

4. Graduate training provides opportunities (particularly for guided expe- 
rience in teaching) in an academic area as well as research in science 
education. The science/mathematics education faculty form one of 
seven program areas in the Department of Education. 

There is no doubt that science education is a viable component of the 
academic community at Purdue University. The faculty have received over 
5800,000 in grants since 1977 from the National Science Foundation, the Na- 
tional Institute of Education, U.S. Office of Education, the Lilly Endowment 
Foundation, the Indiana Academy of Science, and the Alfred P. Sloan Founda- 
tion. In addition, cacVi faculty member actively publishes. Members have been 
leaders in the Hoosicr Association of Science Teachers, the Indiana Association 
of College Biology Teachers, the National Association for Research in Science 
Teaching, and the National Association of Biology Teachers. Within the uni- 
versity, their visibility is noted on the Teacher Education Council, committees 
within the academic departments, two chairpcisons of undergraduate educa- 
tion, one chairperson of graduate education, one assistant dean in the School of 
Science, and three Fulbright-Hays awards. Many of these people contributed 
time and intellectual guidance to the project described. 



Summary 

The three-year special project described was the result of several coopera- 
tive relationships. In turn, it developed both inter- and intra-institutional as 
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well as interpersonal cooperative activities. Funded by the National Institute of 
Education, the project was supported and sponsored by the Alabama Center for 
Higher Education, specifically by Miles, Stillman, and Talladega colleges and 
Alabama A&M University, and by Atlanta Junior College. The project was 
located at Purdue Univ ersity where two schools — the School of Science and the 
School of Humanities, Social Science, and Education — provided space, staff, 
and support. 

A myriad of experts — in editing, writing, research, statistics, use of li- 
braries and computers, affirmative action, and many academic disciplines — 
interacted with the participants. All of these experts believed, as did the direc- 
tor, associate director, and staff, that excellence was obtainable. Together the 
participants and staff pursued excellence with v igor. The results of their pursuit 
arc discussed in the remaining chapters of this book. 



NOTES 



1. National Research Centers. Center for the Study of Evaluation (CSE), University of 
California at Los Angeles, Research and Development Center for Teacher Education 
(RDCTE), University ofTcxas, Austin, Institute for Research on Educational Finance 
and Governance (IFG), Stanford University, Stanford, California, Learning Research 
and Development Center (LRDC), University of Pittsburgh, Center for Educational 
Policy and Management (CEPM), University of Oregon, Eugene, Center for Social 
Organization of Schools (CSOS), Johns Hopkins University, Baltimore, Wisconsin 
Research and Development Center for Individualized Schooling (WRDCIS), Univer- 
sity of Wisconsin, Madison, National Center for Research un Vocational Education 
(NCRVE), Ohio State University, Columbus, National Center for Higher Education 
Management Systems (NCHEMS), University of Colorado, Boulder. 

2. Science is used throughout this monograph to include natural and physical sciences, 
social and behavioral science*, and mathematics. These areas are identified as science by 
the National Science Foundation. 

3. The Alabama Center foi Higher Education (ACHE) includes Alabama A&M Uni- 
versity , Normal, Alabama State University, Montgomery, Miles College, Birmingham, 
Oakwood College, Huntsville, Stillman College, Tuscaloosa, Talladega College, Talla- 
dega; nndTuskcgcc Institute, Tuskcgce. 

4. Active participant denotes completion of research project. Attrition from the project is 
discussed in Chapter 2. Participants presented the following programs. 

National Science Teachers Association, March 21, 1980 

The Effect of Specific Characteristics and Training on the Teaching Strategics of 

Minority Preservicc Science Teachers." 
Presider Jane Butler Kahle, Departments of Biological Sciences and Education, 

Purdue University, West Lafayette, Indiana. 
Presenters. Nell Anthony, Alabama A&M University, Huntsville, Alabama, 

Juanita Clarke, Miles College, Birmingham, Alabama, and Olivia Sanders, 

Alabama A&M University, Huntsville, Alabama. 
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National Association for Research in Science Teaching, April 12, 1980 

"Factors Affecting the Achievement of Students in Black Southern Colleges " 
Prcsidcr. Jane Butler Kahle, Departments of Biological Sciences and Education, 

Purdue University, West Lafayette, Indiana. 
Presenters. Charlotte Carter, Miles College, Birmingham, Alabama; Mildred A 
Collins, Stillman College, Tuscaloosa, Alabama, Barbara Small Morgan, At- 
lanta Jr. College, Atlanta, Georgia, Sandra E. Taylor, Talladega College, Tal- 
ladega, Alabama, and Gwendolyn Wilson Davis, Talladega College, Talladega, 
Alabama. 
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2 W omen in Science and 
Science Education 



The desirable qualities of faculty members are usually assessed under 
the heading of teaching, research, and service to the institution. Women's 
capacity either as teachers or contributing members of the research community 
has not been questioned, but their research potential has. — National Acad- 
emy of Sciences, 1979, p. 82 



Introduction 



Before the request for pioposals for the initial year of funding in the Minor- 
ities and Women's Program was released, Jane Butler Kahlc had begun to 
wonder how to increase both the number and productivity of women in science 
and science education. Her background in guiding women graduate students as 
well as her experiences at professional meetings indicated that women did not 
have access to the avenues leading to success in academe with the accompanying 
rewards of status and salary. For example, during the 1978 annual meeting of 
the National Association for Research in Science Teaching, few papers were 
presented by women, yet a cadre of interested female researchers attended. 
Together they discussed mutual research problems and the possibility of joint 
proposals and projects. Shortly after this meeting, the request for proposals 
seemed to promise a solution for the dilemma. Funds were to be allocated 
specifically to enhance the research skills of women. Since research and publica- 
tion provide a foundation for academic success, the Minorities and Women's 
Program might provide the necessary footholds so that women could success 
fully scale the "ivory tower. * 

Although definitive studies have not been done, observations indicate that 
a factor contributing to the lack of research and publication productivity by 
women faculty has been heavy teaching commitments. The National Academy 
of Sciences (1979) reports that within higher education, women doctoral scien- 
tists are more likely to teach than men. For example, almost 40% of women 
faculty have primarily teaching positions, while only 30% of male faculty mem- 
bers arc classified as teaching staflf(NAS, 1979). This situation is compounded 
by the fact that women arc far more likely than men to be found in the lower 
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ranks of academe. For example, the National Academy of Sciences (1979) 
reported that in 1977 46.5% of the positions classified as instructor/lecturer in 
the 25 institutions which received the most federal research and development 
funds were filled by women. In all other institutions of higher education, 
women held 26.8 % of all such positions. Instructor/lecturer positions in aca- 
dcmia arc often teaching positions, used to staff service courses or to supervise 
laboratory instruction. 1 The academy notes that, in all casei surveyed, people 
in these positions arc not allowed to seek outside research support. This restric- 
tion effectively eliminates any way to establish independent research records, 
Perhaps, because women "like to teach", perhaps, because they aie "so* .alized" 
that teaching is an acceptable occupation, perhaps, because they cannot get 
research positions- whatever the cause, the result has been disproportionate 
representation in the lower ranks of academe and heavy teaching loads. 

The problem is compounded in science departments of many small col- 
leges, wheic the lack of equipment and space also contribute to fewer research 
activities. Since the number of women faculty is inversel) proportional to the 
size of institution, many women find themselves in smaller institutions, with 
less equipment and heavy teaching duties (NAS, 1979). The target population 
of this project was women faculty in science or science education at small, 
minority colleges. Therefore, they were encumbered with all the barriers to 
success mentioned above, they were women, they had heav> teaching-loads; 
they had little access to scientific equipment, graduate students, or libraries 
Although only 10 participated in the project, they, and their situations, were 
representative of the least promising conditions for women in science and in 
science education. The intent of the project was to improve their status in 
academe by teaching them research skills in science education. If they could be 
taught to use their classrooms as their laboratories, research could be done. 
True, the nature of the research would change. Instead of investigating the 
structure of the cytoskelcton of the cell, for example, they would analyze factors 
affecting the learning of science by their students. 



Training and Retention of Women Scientists 

In the past, dire predictions often have been made about the number of 
women who complete baccalaureate and advanced degrees. These predictions 
have been based on social mores that discouraged the education of women and 
on the scarcity of suitable positions for educated women. Low predictions are no 
longer accurate due to changes in attitudes that have brought about a renais- 
sance in women's education and in their participation in the work force. 
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Training of Women Scientists 



The number of women enrolling in science has increased during the last 10 
years. As Table 2.1 shows, in 1978 50% of all undcrgiaduate enrollments in 
science were women. Women comprised near!; half of those enrolled in the 
biological sciences but lesser proportions in other sciences. To explain these 
increases, several researchers have examined factors affecting die choice of 
science by women. For example, Peng and Jaffc (1979) examined 16 variables 
in a study designed to identify multiple factors influencing the entry of women 
into male-dominated fields as they enter college. The data showed that high 
school course work, academic ability, success orientation, and educational 
plans were important predictors of women s entry into male-dominated fields. 
The rcsuUs of this study indicated that women pursuing college degrees in 
male-dominated fields had higher academic ability and had more high school 
courses in science and mathematics. In addition, women who selected science 
majors were more career oriented than those selecting disciplines that were 
traditionally feminine such as social studies, the arts, and the humanities. These 
findings substantiated earlier ones by Erlick and LcBold (1977). 



TABLE 2.1 



Undergraduate Enrollments of Women by Field, Fall 1978 



Women 



Total 



Field Number Percent Enrollment 
Agriculture and 

Natural Resources 38,753 30 127,605 

Biological Sciences 115,038 46 252,777 

Engineering 49,742 11 451,160 

Physical Sciences 32,720 26 123,986 

All Fields 4,375,715 50 8,698,694 



SOURCE: Science Education Databook, 1980, p. 35. 



A comprehensive report sponsored by the National Academy of Sciences 
(1979) reiterates and documents these points. For example, this report states 
that w to the extent that grades and test scores are indicators of academic ability, 
women doctorates are a more promising group than men" (p. 25). The data 
presented show that approximately 7% of both male and female students have A 
to A + undergraduate grade point averages. However, almost 45% of women 
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undergraduates carry grades A - to B + , while only 29% of male undergradu- 
ates maintain that average. However, the report documents a higher attrition 
rate for girls than boys from high school mathematics and science classes, 
concluding that a . . . thus the size of the pool of women with appropriate 
credentials for continuing tu graduate science programs is considerably smaller 
than would be expected solely on the basis of academic ability and the range of 
courses available in secondary school and college" (NAS, 1979, p. 14). Other 
factors such as girls perception of science as masculine and v alues of peer groups 
in coeducational high schuols appear to limit the number of women prepared to 
enter science and mathematics. 

Recently, Vock 11 and Lobonc (1981) studied the effect of a female's per- 
ception of a field a .masculine or feminine on her academic and career choices 
They also studied the effect of role models on career selection by high school 
girls. Their study was conducted in coeducational public schools and in girls' 
schools, run by religious orders. Interestingly, they did not find a positive effect 
due to the presence of a role model in cither type of school. Girls who had and 
who had not had a woman science teacher selected science careers in about 
cq*ial numbers. 

In public schools, a significant correlation was found between the number 
of science courses taken, the level of success achieved in those courses, and the 
students perception of the course. Females selected subjects traditionally 
viewed as "masculine" such as calculus, chemistry, and physics, less often than 
males, and in spite of equal abilities, they performed less well than their male 
peers. Concomitantl> , fewer indicated an interest in "masculine" careers such as 
engineer, physicist, or mathematician. Other science areas traditionally are 
viewed as neutral, these include most areas and careers in the biological sci- 
ences. Girls in coeducational schools enrolled and performed well in biology 
courses and indicated strong desires for careers in the life sciences 

In single-sex schools, the above differences were not found. In an environ- 
ment where they were not sock Ily ostracized for success in a field perceived as 
masculine, girls enrolled and achieved in physical science anl L mathematics as 
well as in the natural sciences. In addition, they indicated interest in a range of 
scientific and technical careers. The single-sex schools utili/.ed were parochial 
schools, which attracted students for a variety of personal rather than academic 
reasons. Therefore, the authois ruled out the possibility that girls of this particu- 
lar type of educational environment were more motivated. 

Vockcll and Loboncs findings corroborate earlier studies indicating that 
women who receive B.A. degrees from women's colleges or from baccalaureate 
institutions with a long and continuous history of women graduates arc more 
likely to pursue scientific doctorates (NAS, 1979). For example, almost 50% of 
the faculties of women's, colleges arc women. These institutions graduate about 
one-third of the women who go on to seek doctorates in science and engineering, 
although they produce less than \b% of all bachelor degrees awarded annually. 
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During the past decade, federal programs have sought to elucidate and to 
eliminate barriers to women in science. As Table 2.2 shows, the female percent 
of total degrees is at an all-time high in every science area at the bachelor and 
master's level. In addition, in 1976 women received a higher percentage of 
doctoral degrees in every science. The problem occurs when unc goes beyond 
the rhetoric to the actual figures. Although Table 2.2 illustrates that the percent- 
age uf all degrees earned by women in the sciences and engineering has doubled 
since 1951, it is low in all areas. Furthermore, in 1976 approximately equal 
percentages of baccalaureate and master degrees were awarded to women. 
However, at the doctoral level, the percentages of women earning degrees in 
science dropped radically. 

One factor that may contribute to the difference in the percentage of 
women and men completing doctorate degrees in science is financial support 
during their academic training. Although the National Academy of Sciences 
(1979) reports laat men and women receive compaiablc amounts of graduate 
fellowships, there is a subtle difference. Men usually receive research assistant- 
ships, while women get more teaching fellowships. Teaching fellowships not 
only carry the message of lower status, but they also require that considerable 
energy and effort be diverted away from doctoral research. Research fellow- 
ships, on the other hand, allow the student to focus on scientific research. 

Figure 2. 1 shows that during the 1970s the percentage of doctorate degrees 
awarded to women finally reached a level comparable to the percentage 
awarded in the 1 920s, the decade in which women struggled for the right to vote 
(Hartley, 1979). The women's movement of the 1970s contributed to the intel- 
lectual climate which resulted in doubling the number of doctorates In the 
physical and hfc sciences and quadrupling the number of women engineers at 
the doctorate level. Women now receive 13.5% of all doctorates awarded In 
science and engineering (NAS, 1979). This percentage compares favorably to 
the percentage (6.7%) received by women during the 1920s (NAS, 1979). 

However, before citing these numbers in support of women's progress, 
consider the undergraduate pools available. Only about half as many women 
received bachelor degrees in the decade of the 1920s compared to the number 
receiving them in the 1970s. The ratio, then, of women doctorates to women 
baccalaureates in science has decreased, that is, although more women earn 
baccalaureate degrees in science, a smaller proportion go on to earn doctorates. 

When the data base is broadened to include degrees in other areas, the 
number of women seeking advanced degrees is clearly higher in other areas. As 
Table 2.3 shows, women receive 33.3% of the doctorates awarded in education 
and 11.5% of those conferred in the social sciences. However, only at the 
master's degree level in education docs the percentage of women receiving 
degrees approach their percentage in the population. This finding can be attrib- 
uted to the large number of women in the teaching profession. Many states 
require masters degrees for continued teaching certification, and 57% of mas- 
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Field 



Mathematics 
Physics 
Biological 
Sciences 
Engineering 
Chemistry 



TABLE 2.2 

Percent of Degrees Earned by Women, 195 1-52 to 1975-76 > 



Year 





1951-52 






1957-58 






1963-64 






1969-70 






1975-76 




B.S. 


M.S. 


Ph.D. 


B.S. 


M.S. 


Ph.D. 


B.S. 


M.S. 


Ph.D. 


B.S. 


M.S. 


Ph.D. 


B.S. 


M.S. 


Ph.D. 


28.1 


17.3 


5.3 


28.4 


19.4 


6.1 


32.0 


19.1 


4.7 


37.4 


29.6 


7.8 


40.7 


34.0 


11.0 


4.7 


4.0 


1.9 


4.4 


3.1 


1.9 


4.7 


3.6 


1.4 


6.1 


7.1 


2.6 


10.9 


9.1 


4.5 


26.0 


17.3 


11.0 


22.0 


21.8 


12.3 


28.1 


28.8 


11.9 


27.8 


31.5 


14.3 


34.6 


31.7 


21.5 


.2 


A 


.7 


.3 


.3 


.6 


.4 


.3 


.4 


.7 


1.1 




3.1 


3.6 


2.3 


16.0 


11.9 


4.4 


18.6 


9.7 


5.2 


19.5 


17.6 


7.2 


17.9 


22.4 


7.7 


22.4 


21.1 


12.1 



SOURCE: Scitnce Education Datobook, 1980, p- 114, 117, 118. 
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1920s 
Total Number 
of Women 
952 



1930s 
Total Number 
of Women: 
1,775 



1940s 
Total Number 
of Women; 
1,731 



1970-77 
Total Number 
of Women 
20,507 



1950s 
Total Number 
of Women: 
3,533 



1960s 
Total Number 
of Women: 
8,336 
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TABLE 2.3 



Percentage* of Total Degree* Awarded to Women by Content Area in 1975-76 



Content Area 


Bachelor's 


Master's 


Doctorate 


Education 
Social Sciences 
Biological Sciences 
Physical Sciences 


26.8. 

11.4 
4.5 
1.0 


57.0 
3.5 
1.4 
.6 


33.3 
11.5 
9.4 
3.8 



SOURCE; Sciencf Education Databook, 1980, p. 121. 

number of women enrolled in content area 
•Percentage - nUmbcf of (j cgrcc5 earned by women in all fields 



tor's degrees in education arc awarded to women. The data for 1975-1976 are 
graphically displayed in Figure 2.2. In all areas, the percentage of doctoral and 
professional degrees continues to increase, although these percentages are far 
below the percentages of baccalaureate and master's degrees awarded to 
women, as shown in Figure 2.3. 

In summary, substantial numbers of women arc now beginning to seek the 
training required to enter scientific and technological careers The percentage 
of degrees awarded to women in science decreases from bachelor's to master's to 
doctor's degree. In biology, the content area most women select, these percent- 
ages fall from 34.6 to 31.7 to 21.5%. Biology, which is perceived as a neither 
masculine or feminine discipline, traditionally has attracted more women 
However, the data presented in Table 2.1 is positive. This table, based on 
undergraduate enrollments in 1978, indicates that a sharp increase in the per- 
centage of women trained in science may begin in 1982. 



Retention of Women Scientists 



Although entry numbers are important, the critical impasse has been the 
retention of women in science programs and later in scientific careers, In 1975, 
the National Science Board paid specific attention to the problems women 
encounter in various fields of the scientific enterprise. Its 1974 report showed 
that women constituted only 5% of those employed in science and engineering 
occupations. As Table 2.4 shows, in 1977 they composed almost 10% of the 
doctoral work force in all science and engineering fields. However, their partici- 
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FIGURE 2.2 



Percentage* of Total Degrees Awarded to Women 
by Content Area in 1975-76 



BACHELOR 



MASTER 



DOCTORATE 




CONTENT AREA 



SOURCE: Science Education Databook, 1980, p. 121. 
•Percentage - number of women enrolled in content area y jqq 
number of degrees earned by women in all fields 



pation level varies from area to area, from almost 25 % in psychology to less than 
1 % in engineering. 

Though women comprise an increasing proportion of the scientific work 
force, they account for almost 30% of cither unemployed or part-time em- 
ployees among the pool of science and engineering doctorates. Again, the 
problem varies by field, with women in physics having the highest uncmploy- 
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FIGURE 2.5 
Percentage of Degrees Awarded to Women since 1970 



% WOMEN IN U.S. POPULATION 
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MA 
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PhD 
D«gre«$ 



1st 

Professional 



SOURCES: Condition of Education, 1978, p. 138; Condition of Education, 1980, p. 128. 
* 1980 values arc projected numbers. 
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TABLE 2 A 

Number and Percent of Women Doctoral Scientists and 
Engineers in the Labor Force by Field, 1977 

_ Number Percent 
Field of Doctorate ofWomcn ofWomc 

All Science and Engineering Fields 
Math/Computer Sciences 
Physics/Astronomy 
Chemistry 
Earth Sciences 
Engineering 
Life Sciences 

Agricultural 

Medical 

Biological 
Psychology 
Social Sciences 



SOURCIi: Climbing the Academic Ladder. Doctoral Women Scientists m Academe, 1977, p 33 

NOT E: rhe statistics in this tabic arc weighted estimates derived from a sample survey of 65,000 
Ph.D.'s in science and engineering. The estimates are subject to two types of error - sampling and 
nonsampling, (e.g.. nonrcsponsc bias). 



27,282 
1,151 
646 
2,551 
332 
231 



y./ 
6.9 
2.5 
6.1 
3.6 
0.5 



261 
1,018 
7,742 
7,543 
5,807 



2.0 
13.3 
15.6 
23.1 
14.0 



ment rate, but, overall, three times as many women as men doctoral scientists 
are unemployed or seeking employment (NAS, 1979). For example, in 1977, 
3.b% of women with doctoral degrees were unemployed compared to less than 
1 % of the men (Vettcr, 1978). However, the findings of an 18-month study by 
the Scientific Manpower Commission concerning number of women scientists 
and engineers in the labor force showed that the higher the educational creden- 
tials, the more likely women are to be in the labor force (Vettcr, 1980). The 
results of this study, displayed in Table 2.5, indicate that a high percentage of 
wom'»r. who major in science or engineering arc in the labor force and that the 
percentage increases with each degree level. Other findings of the study are that 
level of graduate student support, highest degree obtained, presence and age of 
children, and field of degree arc all factors affecting the number of women in the 
labor force. Marriage, on the other hand, appeared not to be a factor affecting 
employment by women in this study. Cole (1981), however, has not found that 
any of these factors, except families with more than three children, affect the 
research productivity of women scientists. 
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TABLE 2.5 



Percentage of Women Scientists and Engineers 
in the Labor Force by Degree Level, 1975-78 



Data Source 


Year of Survey 




DcRrce(%) 




Bachelor's 


Master's 


Doctorate 


A* 


1976 


83.6 


87.5 




B*(1976) 


1978 


84.3 


87.2 




R*(1972) 


1978 


79.9 


86.5 




C 


1975 


63.1 






D 


1978 


71.0 


78.1 


96.1 


E* 


1977 






89.5 


F 


1976 


89.0 


84.4 


92.8 



SOURCK; Same, January 4, 1980, p. 29. 

KEY A - Bachelor and master's graduates of 1974 and 1975, B - Bachelor and master's gradu- 
ates of 1072 and 1976.C - Graduates from a 1961 entering class who received bachelors degrees on 
or before 1971. D - Graduates from 1962 to 1977 in chemistry and engineering from 10 colleges 
and universities, E - Doctorate degrees earned in science and engineering in 1977, r - Science 
and engineering professionals with mote than two years professional experience, * - Weighted 
sample, 



The National Academy of Sciences (1979) also reports on factors affecting 
the retention of women in scientific careers. It reports contradictory findings 
indicating that marriage has often been used as a convenient explanation of a 
high attrition rate by women rather than citing more discriminatory factors 
such as underemployment and lower pay. As Table 2.6 shows, women doctor- 
ates in science and cnginceringarc consistently paid less than male doctorates in 
all occupations, and from 1973 to 1977 the degree of underpayment did not 
improve. Although current data indicate that entry -lev el female engineers are 
paid slightly more than their male counterparts, it is the only field of improve- 
ment and of equity (Vcttcr, 1980). 

In summary, women's progress in employment and advancement in scien- 
tific careers has not measured up to their educational advances. Although the 
proportion of earned degrees in the sciences and engineering has increased since 
1950, the number of women in scientific careers has not improved accordingly. 
Personal and social factors, such as marriage and child raising, are of far less 
importance than factors directly related to characteristics of employment in 
preventing full participation of women in scientific careers. More women with 
doctorates in science and engineering arc underemployed, unemployed, or 
lower paid than their male counterparts. 
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Women in Science in Academe 

Since the minorities and women's project at Purdue University involved 
women in scientific disciplines at academic institutions, a survey of women in 
academe alsu indicated factors affecting their status and success. Among doc- 
toral scientists, a higher proportion of women than men are employed in higher 
education (61% women, 55% men). In business and industry, the reverse is 
true (12% women, 28% men) (NAS, 1979, p. 58). 



Women Faculty 

Within academe, women hold vastly more positions in the lower, un- 
tenured ranks. Fur example, although women hold one in four full-time faculty 
positions, they account for only one in five tenured positions (NSF, 1980). Of 
more concern is the finding reported in the National Academy of Sciences 1 
report (1979) that there continues to be a lag in the granting of tenure to women. 
Women proceed slower through the academic ranks at all institutions and fewer 
of them arc granted tenure (Cole, 1981). As Table 2.7 illustrates, nationally 
women hold about 10% of full professor academic year appointments. However 
during the 1979-1980 academic year, roughly one-half of all lecturer and in- 
structor positions were filled by women. In addition, the lower the percentage of 
women in the top ranks, the greater the "prestige" of the institution. 2 That is, 
when the data arc analyzed by type of institution, women comprise less than 
10% of the faculty at the top 25 institutions, 13% at the second 25 institutions, 
and 16% of full professors at other institutions (NAS, 1979). 

The large number of wumcn in the lower ranks as well as salary differences 
are indications that wumcn have not progressed as rapidly as their male col- 
leagues in academe. When average salaries, reported in Table 2.8, arc con- 
verted to percentages, the following discrepancies are found. At all ranks, male 
faculty members employed under 12-month contracts at all public and private 
institutions of higher education cam over 36% more than female faculty mem- 
bers employed under similar circumstances. At the full professor rank, male 
faculty members under 1 2-month contracts at all public and private institutions 
cam 16% more than females similarly employed. When salaries arc reported by 
field, women in some areas of science suffer larger percentage and dollar differ- 
ences. For example, in 1977 women were paid proportionately less in chemistry 
and psychology than they were in 1973 (NAS, 1979). The existence of lower pay 
and status for academic women with comparable qualifications is an important 
cason why special programs to increase their productivity arc needed. 
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TABLE 2-6 



Median Annual Salaries of Doctoral Scientists and Engineers 
by Field and Sex, 1973 and 1977 







1973 






1977 








Sex 






Sex 




Field 


Total 


Men 


Women 


Total 


Men 


Women 




•on onn 


to i onn 
}Zl ,zuu 


>1 / ,ouu 






Son 7nn 




21,200 


21,400 


17,400 


26,600 


26,800 


21,200 




21,300 


21,400 


17,300 


26,600 


27,000 


20,900 




21,100 


21,200 


17,700 


26,500 


26,600 


23,100 




19,300 


19,400 


17,100 


23,300 


23,600 


19,900 




19,100 


19,300 


16,800 


23,100 


23,400 


19,900 




20,800 


20,800 


19,500 


25,100 


25,400 


19,800 






22,300 


17,700 


25,800 


26,100 


20,800 




20,700 


20,900 


17,000 


25,800 


26,000 


19,700 




20,700 


20,800 


16,700 


25,900 


26,000 


20,000 




19,400 


19,500 




24,100 


24,400 


19,200 






22,600 




28,300 


28,900 


19,200 



ERIC 



Engineers 22,500 22,500 19,600 28,600 28,700 22,900 f 

LifcScicntists 20,000 20,400 17,300 24,700 25,100 21,000 I 

Biological Scientists 19,500 19,900 17,100 23,800 24,300 20,500 s - 

Agricultural Scientists 19,800 19,800 - 24,800 24,900 20,200 g 

Medical Scientists 23,000 23,500 18,300 28,000 28,900 22,800 | 

Psychologists 20,200 20,800 18,200 24,100 24,900 20,600 g 

Social Scientist, 20,400 20,800 17,600 24,100 24,700 20,200 | 

Economists 22,300 22,500 19,300 27,000 27,500 23,600 g 

Sociologists/Anthropologists 19,500 20,200 17,100 22,200 22,900 19,700 8 

OthcrSocial Scientists 19,600 19,900 17,400 23,200 23,900 19,800 £ 

S 

5" 

SOURCE: Science Education Databook, 1980, p. 142. » 

NOTE. All median salaries were computed only for full-time employed civilians. No median was computed for groups with fewer than 20 individuals 
reporting salary. 
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TABLE 2.7 

Women as Percentage of Total Full-Time Faculty Members, 1979-80 



Associate Assistant 
Professors Professor s Professors Instructors Lecturers _A11 Ranks 





9-mo. 


1 O.rrtrt 


9- mo. 


1 0 

l£-1?10. 


y-mo. 


1 0 -~ ~ 

u*mo. 


9-mo. 


12-mo. 


9-mo. 


12-mo. 


9-mo. 


12-mo. 


Private 


























Institutions 


























Universities 


6.0 


6.8 


16.6 


22.7 


30.0 


35.5 


48.6 


71.4 


42.1 


43.9 


18.2 


26.5 


Uthcr 4- Year 


12.7 


10.1 


21.6 


21.2 


35.4 


32.8 


51.0 


46.0 


49.9 


73.7 


27.4 


26.9 


2-Year 


29.6 


23.3 


42.7 


32.5 


52.9 


39.8 


57.4 


53.8 


— 


— 


48.6 


41.3 


Total 


10.1 


9.3 


20.3 


22.1 


34.2 


33.9 


51.0 


50.8 


45.2 


55.8 


24.8 


28.1 


Public 


























Institutions 


























Universities 


6.4 


4.7 


16.2 


11.9 


3I.J 


21.2 


55.7 


44.7 


44.4 


39.3 


20.0 


13.7 


i_/iiicr *\* i oar 


1 1 Q 
1 1 .0 




ion 
lo.y 


£ 1 .1 


34/* 


40.4 


52.7 


61.1 


46.4 


44.3 


26.4 


28.8 


2-Year 


23.5 


17.8 


29.4 


30.6 


38. > 


41.6 


47.7 


47.3 


46.1 


47.4 


34.7 


36.1 


Total 


9.7 


7.2 


19.1 


16.8 


33 8 


29.6 


52.1 


51.5 


45.3 


40.5 


26.4 


23.2 


Public and 


























Private 


























Combined 


























Universities 


6.3 


4.9 


16.3 


13.4 


30.8 


23.2 


54.2 


49.9 


43.9 


39.9 


19.6 


15.4 


Other 4-Year 


12.2 


11.5 


19.9 


21.2 


34.9 


37.3 


52.0 


53.2 


47.4 


53.2 


26.8 


28.0 


2-Year 


23.8 


18.4 


29.9 


30.8 


39.3 


41.4 


48.4 


48.9 


47.4 


47.4 


35.2 


36.6 


Total 


9.8 


7.6 


19.4 


18.0 


33.9 


30.7 


51.8 


51.3 


44.7 


43.0 


25.9 


24.3 



SOURCE: The Chronicle of Higher Education, Vol. 21, 1980, p. 8. 
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TABLE 2.8 

Average Salmcs of Full-Time Faculty Members, 1979-80 



Associate Assistant 

Pr ofessor* Professors Professors Instructors lecturers All Ranks 

Men Women Men Women Men Women Men Women Men Women Men Women 



Public and Private, 
9-Month Contracts 

Universities $30,561 $27,367 $22,386 $21,101 $18,210 $17,232 $14,272 $13,718 $16,327 $14,337 $24,423 $18,616 

Othcr4-Year 25,416 23,676 20,488 19,410 17,011 16,265 14,042 13,397 15,403 13,446 20,403 17,120 

2-Year 24,031 22,961 20,862 20,334 17,66D 17,009 15,570 14,224 15,940 13,423 20,765 18,672 

Total 27,994 24,704 21.262 20,070 17,504 16,656 14,433 13,634 15,953 13,921 21,941 17,922 

Public and Private, 
12-Month Contracts 

Universities $36,856 $34,072 $28,863 $26,579 $24,320 $22,113 $19,036 $16,752 $22,314 $19,305 $30,876 $23,203 

Other4-Ycar 31,759 27,965 26,149 23,494 21,164 19,330 15,763 15,042 17,630 15,426 25,240 19,371 

2-Year 26,594 24,427 23,229 21,988 19,541 18,205 16,166 14,516 17,471 16,608 19,904 17,473 

Total 34,896 30,190 27,421 24,459 22,771 20,233 16,716 15,328 21,339 18,173 27,039 19,816 

SOURCE: The Chronicle of Higher Education, Vol. 21, 1980, p. 8. 



TABLE 2.9 

Women Chief Executive Officers in Colleges and Universities* 

Number of Women Chief Executive Officers 



Type of Members of 

Institution Religious Orders Others Combined Total 



1975 1976 1977 1978 1979 1980 1975 1976 1977 1978 1979 1980 1975 1976 1977 1978 1979 1980 

4- Year ~~~~ ~ 

Private 

Colleges 79 83 82 75 82 80 19 24 25 39 38 44 98 107 107 114 120 124 
2- Year 
Private 

Colleges 26 23 23 23 25 20 8 8 7 9 12 13 34 31 30 32 37 33 
4-Year 
Public 

Colleges 0 0 0 0 0 0 5 3 5 9 14 21 5 3 5 9 14 21 
2-Ycar 
Public 

Colleges 0 0 0 0 0 0 11 13 14 22 33 41 11 13 14 22 33 41 
Total 105 106 105 98 107 100 43 48 51 79 97 119 148 154 156 177 204 219 

SOURCKS Comment, January, 1981, p. 7; Com ment, June, 1980, p. 9. 

*On!> wuinni hi msf autumn an reditu! \>y llu tmtji regional dureditmg osMKUUiuns in the United Status, Puerto Rao, ami Guam iN - 2 f 7o5 in 1U8U* 
2,722 in I W) 
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Women Administrators 

Women arc not only undcrrcprescntcd in high ranking faculty positions, 
but also, with a few notable exceptions, they arc excluded from higher adminis- 
trative ranks. When the number of female chief executive officers is tabulated, 
only 21 public four-year institutions had women presidents in 1980. However, 
as the data in Table 2.9 indicates, that was a significant increase over three 
women chief executive officers in 1976. Women fare better in private and 
church-related four-year colleges and in public two-year institutions. However, 
many of the former are women's colleges, and chief executives of the latter often 
have lower status. In all, out of the 2,765 chief executive positions included in 
the data for Table 2.9, women held 219 positions in 1980. When this data is 
converted to percentages, women held only 7% of the total chief executive 
positions in 1980, an increase of 1% since 1978. 

Tidwcll (1981) summarized a study by the American Association of Uni- 
versity Women which described the status and role of women in academe She 
compares the situation of women in 1981 to their status in 1970: 

1. In 1981 only 25% of full-time faculty arc women. These data indicate 
no change from 1970. 

2. There is an inverse relationship between the number of women faculty 
and faculty rank, the higher the rank, the fewer the women. Nationally, 
in 1981, 28% of assistant professors, 16% of associate professors, and 
8% of full professors are women. 

3. Among the women employed as full-time faculty members, only 16.5% 
are tenured. 

4. There is a negative coi relation between the size of an institutiorj^ajjoUhc 
number of women on its faculty. In colleges, and universities with 
enrollments of over 10,000, 22% of the faculty are women, while at 
schools with less than 1 ,000 students, 37% of faculty arc women. 

3. There is a negative correlation between the size of an institution and the 
proportion of women at higher faculty ranks. For example, at the small- 
est schools, women fill 23% of full professor positions, but only 7% of 
these positions at the largest institutions. 

b. Women administrators generally hold middle- and low level positions 
lather than the highest positions of president, chief academic officer, 
business officer, or development officer. As was found in 1967-1970, 
women arc more likely to hold positions related to student services and 
external affairs. 

7. Only 18% of college and university deans are women. 

8. The proportion of women holding top-level administrative posts has 
increased slightly since 1970, but women arc still undcrrcprescntcd. 
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Although the increase in Ph.D women has led to an increase in their 
presence among science faculties, the gains in total positions, particularly in 
tenured positions are modest. In summary, women generally have luwcr aca- 
demic ranks and are paid less than their male colleagues at each academic rank. 
Furthermore, they are underrepresented in administration. Though the gains 
in the last decade have been greater than earlier decades, the) remain modest. 
In spite of federal edicts, women are still second-class citizens in higher cduca 
tion. 



Minority Women 



A careful search of curtcnt literature, including women studies, higher 
education, and other related topics, revealed a dearth of information regaiding 
women in science and science education at southern minority colleges. Since the 
participants in this project were all minoiity women, an extensive search for 
literature pertaining to minority women was undertaken. Again, little was 
found. As noted in one suivey , "Many research reports have been published in 
the 1970s under titles which include some vaiiation on the phrase, 'the status of 
minorities and women.* In most cases, 'minorities' has meant white females. 
Minority women have been nearly invisible" (Strauss, 1979, p. 10). 

The data available for higher education is reported in teirns of minorities 
and wumcn, no source was identified for minoiity women. For example, Cor- 
bttt (1978) reports few rcprcsenttitive.s ol minoiities hold positions in higher 
education. The National Center for Education Statistics (1978) cites national 
figures to indicate that both women and minorities are underrepresented in 
higher education and that most of them hold low status positions. Usually, the 
number of minorities decreases as rank increases, especially between the assist 
ant professor and associate professor ranks, the level where advancement to 
tenured positions is most uitical. This is the same pattern found for women, 
therefore, one can assume it holds for minority women. 

An increased awareness of women's status in higher education is essential 
to an understanding of the roles minority women have in the academic enviroi. 
ment. Recently, scvcial conferences have examined the unique position ul 
black minority women faculty and administiators. One of the first of these, held 
in 1975, was sponsored by the National Institute of Education. This conference 
was the first one in a series which addressed the educational and occupational 
needs of various ethnu and racial groups of women. According to its proceed 
ings, the following conditions confront black women in or about to reenter 
acadcinia: 
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1 . Child tare is nut a majur tuntcrn for cither professional black women or 
reentry black women. 

2. A significant number of black professional women are considered low 
achievers prior to returning to college. 

3. A majority of the respondents receive psychological support from hus 
bands or male friends. 

4> Generally, college administrators and faculty members arc insensitive 
to black women's reentry problems. 

5. College administrators and faculty members appear to be both racist 
and sexist toward reentry black women. 

6. Peers and black faculty provide the greatest support for reentry black 
women. 

7. Counselors and white faculty provide the least services for reentry black 
women. 

8. Tutorial programs provide little, if any, resources to implement reentry 
for black female students (Cosscy and Toncy, 1977, pp. 163-164). 

From this analysis, some issues which have been identified as "women prob- 
lems," such as child care and spouse encouragement, are not seen as crucial with 
black women reentering college. Critical concerns, however, include bureau- 
cratic regulations, faculty and administrative encouragement, and academic 
resources. 

A second conference examined the needs and concerns of black women 
administrators, both in academe and in professions. In 1980, the American 
Council of Education sponsored a Women Executive Seminar Scries. This 
conference focused on the issues confronting women administrators, both in 
academe and in the business sector. The conferees identified several variables 
affecting their performance regardless of administrative setting. These included 
race, sex, and rule. Many minority women administrators reported that their 
actual duties did not match their job descriptions. As one participant observed, 
"There are doubts about your abilities because you arc a woman and because 
you are black or another minority" (Comment, 12 2 1980, p. 5). In addition, 
women minority administrators had to resolve differences between how they 
were perceived by others and how they saw themselves. For example, the black 
female vice-president of Portland State University explained that in addition to 
her administrative duties, she had to handle "everything concerned with minor 
mcs." In her opinion, this added responsibility interferrcd with her performance 
of other duties (Comment, 122 1980, p. 5). 

The National Institute of Education is beginning to report data concerning 
the role and status of minority women in academia and in the professions, but 
little information is available now. Therefore, an analysis of minority partici 
pants in this project was conducted to reveal personal characteristics and profes 
sional goals of minority women in science and science education. 
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Project Participants 

A positive step in achieving higher status for women in academe, specifi- 
cally fur wumcn faculty members at southern minority institutions, was taken 
by the women who participated in the National Institute of Education's project 
at Purdue University. The activities of this project addressed many issues which 
affected the status of women faculty. Kahlc identified the lack of scholarly 
research and publication productivity as critical factors, thus the project was 
designed so that the participants carried out the total research and dissemina- 
tion process through their participation in two summer workshops at Purdue 
University and their interim research activities. 

Figure 2.4 presents demographic data which describes the women who 
participated in the initial year of the project. Personal data shows that half of the 
participants were married, and six of the 10 had one or more dependents, either 
children or elderly relatives. Their median age was 42. Seven of the original 10 
participants completed the project, and they aie described in Appendix A. Two 
of the participants did not continue after the initial year because they had 
satisfied their personal career goals, while a third participant accepted a faculty 
position in Maine. 

The women who applied to and were accepted by the pioject had attained 
moderate levels of professional success. For example, one had attained the lank 
of full professor and three had earned doctoral degrees in education. 1 The rest 
had earned master's degrees, one in mathematics, one in mathematics educa- 
tion, two in biology, two in science education, and one in sociology. Although 
only one had published more than one professional paper, all were active in 
professional organizations. Prior to the project, only had attained an ad- 
ministrative position. 

The N IE/Purdue University participants were dedicated teachers, who 
had an average of 4.3 different class preparations. Of the seven completing this 
project, three taught in science departments, one in mathematics, one in sociol- 
ogy, and two in education. In addition, each was involved with student activi 
tics on her home latnpus, sponsoring science clubs and science projects. Most 
were very active in campus church groups, choirs, and r elated activities. 



Women in higher education have experienced personal and professional 
barriers which have limited their numbers in academic positions of authority 
and status. Changes in the 1970s have alleviated some of these barriers, thus 
increasing opportunities for women making them somewhat more equitable 



Summary 




FIGURE 2.4 

Demographic Data, Selected Women Faculty at Minority Institutions 
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with opportunities fur men. However, the number of wumcn in the professional 
workforce does not reflect the number of women who have icceivcd appropriate 
training. 

The NIE/Purdue University project was designed to alleviate barriers to 
women faculty at minority institutions. Collaborative efforts were directed 
toward improving research and writing skills and toward providing strong ru! 
models and mentor relationships. These efforts were intended to increase reten- 
tion, to maximize participation, and to augment advancement of these women 
in academe. 

NOTES 



1. Service luurse militates a basit sticntc course, staffed by a sticntt department, but 
offered to nonseience majors. 

2. "Prestige" mditatcs ranking uf institutions based un aniuunt uf federal research and 
development monies allocated. Institutions are grouped as the tup 25, second 25, and 
other. 

3. The earned dutt urates uf the project's partitipants were, one Ph.D. in Counseling 
Edutatiun, unc Ed.D. in Setondary Education, and oik Eil.D. in Elementary Education. 
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3 Minority Science 
Education 



, . . Black colleges, still today, are the main centers for providing 
upward mobility for blacks. Many of the students thai these institutions 
admit are the first of their families to attend college. Many still enter college 
with academic deficiencies and are in need of other kinds of support for 
successful college achievement. Many are from poor families. Studies related 
to higher education participation indicate low correlations between higher 
education participation and each of the variables cited here. Yet, black colleges 
graduate over fifty percent of the black students who receive baccalaureate 
degrees each year. . . . Even more impressive is the fact that of the blacks 
who hold the highest academic degree, thePh.D., over seventy percent earned 
their baccalaureate degrees from black colleges. Indeed, black colleges are vital 
resources to our nation. — W. C. Williams, 1981, p. 3 



Introduction 



Few argue the important influence and impact that traditional black liberal 
arts colleges have had on minority education. W.C. Williams, president of 
Miles College, states above how well these colleges serve minority students 
Furthermore, 76% of all black lawyers, 90% of all black teachers and social 
workers, and 75% to 80% of all black doctors and dentists received their 
bachelor degrees from historically black institutions (Thomas, 1980) Yet their 
continued growth and development is questioned. For example, Williams 
(1981) thinks that their very existence is threatened by the Department of 
Education's civil rights legislation. Indeed, if they arc to survive and flourish, 
problems with financing, enrollments, financial aid, and accreditation must be 
met. 



Minority Institutions of Higher Education 

The accessibility of higher education for minority students was minimal 
until the late 1800s. The few blacks who gained entrance into institutions of 
higher education often had to leave due to financial or personal constraints and, 
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therefore, were unable to complete their degree requirements. Many more were 
simply refused entrance. However, by the turn of the century over 2,000 blacks 
had graduated from American colleges, and the majority of them had attended 
traditionally black colleges in the southern part of the United States. 



Finances 



Since must blacks lived in the South during the 19th century, the refusal of 
state guv crnmcnts to cuntribute public funds tu minority institutions severely 
restricted higher education for minority students. The Morrill Act of 1862, 
establishing land grant colleges, was the first provision of support which in- 
cluded minurity institutiuns. Huwcv cr, many southern states chusc tu appropri- 
ate Murrill funds exclusively tu land-grant colleges for majunty students. It was 
not until the sccund Morrill Act of 1890, which restricted appropriations unless 
the proceeds were divided among institutions serving all races, that equitable 
support was available for some minority institutions. 

To overcome financial difficulties, northern missiunary groups and south- 
ern black church grmips worked cooperatively to build facilities, to hire teach- 
ing personnel, and to establish private colleges open to the indigent of all races. 
Two black colleges, Tuskegcc Institute and Hamilton Institute, benefitted 
greatly from early contributions. Many believed monies were awarded to these 
Institutions because their curricula had an industrial, rather than a liberal arts, 
focus. 

Recent efforts to improve education for black students have centered pri- 
marily on more and new sources of financial support. Monies have been solic- 
ited from the private sector as well as from state and federal agencies. One way 
small colleges can operate more economically is by forming consortia. A consor- 
tium of colleges in Alabama, the Alabama Center for Higher Education 
(ACHE), has dealt with the financial problems of its member institutions by 
soliciting funds from both the public and private scctoi , as shown in Table 3.1. 



Enrollment 



Black institutions, both undergraduate and graduate, have suffered a de- 
crease in enrollment in recent years. In the 1900s, 96 % of all blacks attending 
colleges or universities, were enrolled in minority institutions, today less than 
20% choose these institutions. The institutions most affected arc the traditional 
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TABLE 3.1 



Sources of Funding for ACHE Operations Initiated between 1971 and 1976 



Year of Funding Initiation 


1971-72 




mnq ha 

iy/j-74 




1 V i J i u 




Source 


Amount 


Source 


Amount 


Source 


Amount 


Alabama Council 


$ 10,200 


CETA: Title II 


$ 86,000 


Alabama Commission 


* 29,000 


on the Arts 








on Aging 




Carnegie Corporation 


357,000 


Member Institutions 


40,000 












Alabama Committee 


18,000 


Emergency School 


78,400 


National Endowment 


189,000 


for the Humanities 




Assistance Program 




for the Humanities 




and Public Policy 






USOE: Title III 


320,000 






Ford Foundation 


105,000 






' CETA: Title I 


108,000 






Special Programs 


285,000 






Member Institutions 


110,000 


for Disadvantaged 




Community Service 


31,000 






Students 




Administration 




Rehabilitation Services 


26,000 










Administration i 


ft 






National Endowment 


89,000 










for the Humanities 





ERIC 



Southern Education 
Foundation 



1,000 



Title V-E: Education 138,000 
Professions Development 
Act 

USOE: Cooperative 70,000 
Education 

Total $895,000 Total 



SOURCE: Alabama CrnUrfor Hiihtr Education Bulletin. 
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Southern Education 5,000 § 

Foundation x 

CO 

£. 

The Rockefeller 171,300 § 

Foundation ^ 

& 

c 

USOE: Title III 256,000 £ 



Ethnic Heritage 175,000 
Studies 

$920,000 Total $882,300 
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black cullcgcs and universities located in the southern region of the United 
States. As Black has stated, "Alabama's traditionally black colleges arc strug- 
gling again - thi:> time tu keep up their enrollment as more black students leave 
high schuol and head for junior colleges or the larger white universities" (1980, 
p. 6A). Table 3.2 shuws the enrollment trends from 1969 to 1979 of the institu- 
tions that participated in this project. Two historically black institutions, Miles 
and Stillman Colleges, have experienced a slight, but stead) , decrease in enroll- 
ment, while Talladega College, a similar institution, has not. According to the 
participants, Talladega College continues to provide liberal arts education for 
some of the must able black students. Although Alabama A&M University 
appears tu have quadrupled its enrullmcnt, the inclusion of graduate students 
frum 1976 un has cunfounded the data. Must of the participating colleges have 
prevented drastic enrullmcnt declines b> adapting "open admission"' policies 

TABLE 3.2 



Enrollment Trends of Participating 
Four-Year Colleges and Universities 



Institution 


1969 


1976 


1978 


1979 


Alabama A&M 


1,702 


4,564 


4 463 


4,500 


Stillman 


648 


857 


838 


700 


Talladega 


426 


625 


650 


712 


Miles 


NA 


1,472 


1,386 


1,058 



SOURCE: ThelimmnghamNcivs, August 7. 1980, p. I. 
KEY: NA - Data not available. 



As federal legislation cuntinucs to open up opportunities for blacks in 
higher education, adequate financial aid has replaced admission as the primary 
cunccrn uf black students. Since many minority students come from low socio- 
economic backgruunds, financial aid funds frequently do not cover the costs of 
their higher cducatiun. The Natiunal Buard un Graduate Education reported in 
1974-1975 that black and Hispanic cullcgc-buund high schuul seniors estimated 
that their parents cuuld contribute about $200 toward college expenses, the 
median figure estimated by white students was over $1,000 (Minority Group 
Participation in Graduate Education, 1976). Although sufficient financial assistance 
docs not insure a successful cullcgc career, it may be the major inhibiting factor 
for many minority students. Financial aid prugrams at the participating col 



ERLC 



68 



Minority Science Education 



53 



leges are shown in Figure 1.5. All uf these institutions hav varied student aid 
programs which also may have helped them maintain enrollments. 

Accreditation 

From 1900 to 1960, enrollments gene rail) increased in historically black 
institUi*ons. However, facilities and services often could not keep pace. For 
example, library, laboratory, and classroom buildings were often inadequate. 
The lack of these resources was a factor in denying accreditation to black 
colleges. In the 1900s the Southern Association of Colleges and Secondary 
Schools devised a new category in which to admit minority institutions. The 
new category, "approved" rather than "accredited," implied different accredita- 
tion standa-ds for colleges serving minority and majority students. Black col- 
leges such as the ones participating in this project could not become fully 
accredited and equal members of the Southern Association of Colleges and 
Secondary Schools until 1930. As discussed in Chapter 1 all institutions partici- 
pating in this project are accredited. 

In summary, although it is not the intention of this work to describe the 
.naiiy factors affecting minority institutions of higher education, some of the 
main ones — financing, enrolments, and accreditation - must be considered. 
Many people believe that the existence of historically black institution of highet 
education is thieatcnedby the accessibility of majority education. However, the 
en jrmous < ontnbtition of these institutions has done much to mold the history 
ofa race and ofoui nation. Effoits should be made to ensure their continuation. 



Minority Science Education 

As we develop into a technocratic society, education in the sciences and in 
mathematics becomes a pai amount concern. Yet, overwhelming evidence ex 
ists that minorities, particularly blacks, and women arc under represented in 
science courses and, subsequently, in science careers. Although societal, per- 
sonal, and educational factois contribute to this underreprescntation, we will 
considei only the cducaiioaal ones. Since most students follow Identical pro- 
grants thiou^h elementary and ju uor high school, differences in scientific train- 
ing do not appear unti 1 high school. A'c shall examine educational factors which 
limit rtitnonty participation in sc ;: ice by analyzing secondary schools. Next, 
he contributions of minority institutions toward undergraduate and graduate 
science ^duration will be assessed. 
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Secondary Schools 



In these days, it is doubtful that any child may reasonably be expected to 
succeed in life if he [sic] is denied the opportunity of an education. Such an opportu- 
nity, where the State has undertaken to provide it, is a right which must be made 
available to all on equal terms. ("Brown v. Board of Education" in Toward Equal 
Educational Opportunity, 1974, p. 20) 

A quarter of a century has passed since the Supreme Court in 1954 de- 
clared unconstitutional "separate, but equal" schools. This decision stated that 
segregated schools were illegal, yet many examples exist of both formal a,id 
informal segregation by school and by classroom, by tracking and by counsel- 
ing, by choice and by ignorance. Kahlc (1979) has reported that National 
Assessment data (NAEP, 1970) indicate that in the Southeast approximately 
30% of the black 9-ycar-olds, 39% of the black 13-ycar-olds, and 47% of the 
black 17 year-olds attend schools that arc 60-100%whitc. Between 20% and 
30% of blacks in each age group attend schools with a majority of white students 
in the northeast, central, and western regions of our country. Despite this 
evidence of partial integration of the nation's schools, the effects of continued 
segregation remain today . As Stake and Easlcy (1978) suggested, the problem is 
multifaccted. "It is not the fiscal provisions that concern us here but the more 
fundamental differences in opportunity to learn, involving the competence of 
the teacher, the quality of the learning materials, the learning placc(s), the peer 
group of students engaged in learning" (p. 14: 1 1). 

The effects of segregation on the attitudes and achievements of minorities 
does not stop at the school level, thousands of classrooms arc segregated, cither 
by formal oi informal procedures. These practices result in fewer opportunities 
open to minority students, and they arc especially damaging in science and 
mathematics where each course builds upon earlier content. The disparity 
between black and white students In high school science classes is shown in 
Figure 3.1. Formal methods of segregating classrooms usually involve either 
"tracking* or "grouping* of students by ability , by occupational intention, or by 
prerequisite. Tracking denotes the long-term assignment of students into differ 
ent groups taught with different long-term objectives and with little provision 
for, or expectation of, reassignment. This practice was declared unconstitu- 
tional in 1967, yet three recent national surveys of science education report 
instances of it (Stake and Easley, 1978, Hclgcson, Blosscr, and Howe, 1978, 
Weiss, 1978). 

Although grouping denotes more flexibility and temporary assignments, 
in practice few rcassignmcnts occur (Stake and Easley, 1978). Furthermore, 
grouping often results in segregated classrooms in desegregated schools. Cun 
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FIGURE 3.1 




SOURCE; The Physics T(achtr t May, 1978, p. 281. 

KEY; Female college freshmen 

Male college freshmen 



sidcr the following description of two types of math classes in a California school 
(Stake and Easlcy, 1978: 14:17, 18). 

Number of Students in Different Classes 

White Oriental Black Hispanic 

Advanced Math 15 3 0 0 

General Math 10 0 8 8 

Furthermore, they report that over 607o of the students in the lowest level of 
science classes in a Texas school were black males, assigned first because of a 
reading problem, second because of a math problem, third because of a disci 
phnc problem, and last because of a science problem (Stake and Easlcy, 1978). 
This second type of segregation, uithin the classroom, affects attitudes toward 
science and achievement in science in much the same way school segregation 
has in the past. 

Classrooms arc also informally segregated by the requirement of prerequi- 
site classes. Many minorities do not take science courses because they have not 
been counseled into the academic "tracks" or into the prerequisite mathematics 
courses (Shorter, 1979). For example, Ignatz(1975) reports an alarming under 
representation of blacks in adv anced science classes in a large sample of students 
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in Florida, His data, presented in Table 3.3, shows that although enrollment of 
blacks in Biology II is similar to their percentage of the total enrollment, blacks 
arc noticeably undcrrcprcsented in the physical science classes listed. Lack of 
enrollment in these courses and in higher mathematics courses effectively elimi- 
nates minority students from science majors and science careers. Indeed, the 
doors arc shut before they can be opened. 



TABLE 3,3 

Percentage by Race Enrolled in Science Courses 
in 44 Public High Schools in Northern Florida* 



Course 


Black 


White 


Biology II 


23 


77 


Chemistry I 


9 


91 


Chemistry II 


6 


94 


Physics I 


7 


93 


Other 


29 


71 



SOURCE: Science Education, 1975, p. 571-573. 



•Total enrollment 28,121 of which 75.2% were white and 24.8% were black. 



It is evident that many gifted young people arc undcrtraincd and underuti- 
lized in the sciences and in mathematics. In 1979, the National Research Coun- 
cil (1979) noted that a large fraction of the nation s corporate executives <md half 
of the federal decision-makers come irota science and engineering back- 
grounds The report goes on to state that as children approach adolescence, the 
availability of role models becomes an important factor in their selection of 
future careers. Mary Budd Rowc (1977) also cites this as a possible reason why 
blacks choose fields other than the sciences. Studies have shown that, although 
parents are listed by adolescents as the individuals most responsible for their 
career choices, associations with other adults holding specific occupations are 
second in importance (Pallonc, Hurley, and Richard, 1973). There is a need, 
therefore, to provide minorities with more minority role models within science 
and mathematics by increasing the number of members of minorities teaching 
science and mathematics during the critical years (ages 14-17). 

Many of the participants in this grant were role models for both pre- and 
inservice secondary teachers. The project s attempts to inform them of relevant 
research, to assist them in forming supportive networks, and to analyze the 
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educational needs of their students may enhance their future roles in science 
education. 



Colleges 

There is a recognized need for recruitment of minorities into scientific and 
mathematical fields and courses. As Rowc (1977) has stated, "The National 
Academy of Sciences (NAS) Committee on Engineering reports that blacks 
continue to be markedly under-represented among students in these fields" (p. 
34). She also noted that a . . . middle-class blacks arc choosing to enter politics, 
law and other social sciences, but not the research sciences or engineering. Even 
when blacks are successfully recruited as science students, their drop-out rate Is 
high and they frequently ask to change profcssion.enroutc" (p. 34). 

In order to evaluate the participation of the black segment of our popula- 
tion in science courses and careers, analyses of other minority groups is appro- 
priate. Among the four gcncially identified minority groups, persons of Asian 
origin are ovcrreprcsentcd in the sciences and engineering, while the other three 
groups, American Indian/Alaskan native, blacks, and Hispanics, arc under 
represented, as shown in Figure 3.2. Of these three groups, blacks make up the 
most significant proportion of our population, they compose J! of the 18-21- 
ycar-oldsand 10.7% of the total undergraduate population. However, blacks 
account for only 6.9% of undergraduates majoring in the biolo^.cal sciences, 
5.9% in engineering and 4.6% of physical science majors (Office of Civil 
Rights, 1976). 

At the graduate school level, the numbci of blacks receiving doctorates in 
scientific disciplines is even lower. In 1977, they constituted less than 4% of 
Ph.D. recipients in all science and engineering fields. Tabic 3.4 presents data 
concerning the percentage of degrees awarded to nii loritics in physical science, 
biological sciences, and social science. These data illustrate the dearth of blacks 
receiving baccalaureate, master, and doctoral degrees In science. When data 
concerning percentages of degrees awarded to blacks in these three areas, along 
with education, is graphed, as in Figure 3.3 the disparity at advanced degree 
levels is startling. For example, for blacks to reach population equity in the 
percentage of degrees awarded in physical science, approximately a 700% 
increase in number of doctoral degrees is required [Minority Gioup Participation in 
Graduate Education, 1976). 

Qualifications for graduate study may be achieved by attending either 
majority or minority institutions. However, the attrition rate of black graduate 
students is notably high. Factors such as "motivation, persistence, and compata 
bihty with depaitmental expectations and resources" inilucnce whether or not 
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TABLE 3.4 

Minority Student Representation among Degreei Granted in Engineering and Science 



Percentage of Degrees Awarded 1 975-76 

Physical Science Biological Science Social Science 

Proportion in U.S. Population 1977 B.S. M.S. Ph.D. B.S. M.S. Ph.D. B.S. M.S. Ph.D 

Black 11.6 2^9 2.4 09 4.1 ~ I J 8.5 5.4 2.6 

Hispanic 5.3 1.3 1.0 0.8 1.6 0.8 0.6 2.4 1.8 1.0 

Native American 0.4 0.3 0.2 0.2 0.3 0.2 0.1 0.4 0.2 0.2 

Asian American 1.3 1.5 2.6 2.5 2.2 1.9 2.5 1.1 1.2 0.9 

Total Degrees Granted 

(Thousand.) 21.2 5.4 3.4 54,2 6.6 3.4 126.4 25.9 4,2 



SOURCE: Science Education Dalnbcok, 1980, p. 121. 
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FIGURE 3.3 

Percentage* of Total Degrees Awarded to Black Students 
by Content Area, 1975-76 



BACHELOR 



MASTER 



DOCTORATE 




MM 



CONTENT AREA 



mm 



•Pcrtcntatjc 



n umber o fblac k< c n rolled in to n t c n t area s 
number of degree* corned by blacks in nil fields 



x 100. 



minority studt nts will successfully complete their graduate study programs 
(Minority Group Participation in Graduate Education, 1976, p. 9). 

The pitfalls, which lead to the high attrition rates, vary from institution to 
institution. Some researchers have analy/.cd potential difficulties at large, 
multicultural universities, while others have focused on the problems encoun- 
tered at institutions of higher education which have primarily black students. 
Reed (1978) recognized alienation, stereotyping, and lack of adequate career 
counselling .is three problems often encountered by black graduate students in 
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large institutions of higher education. Of the thiee problems, alienation has the 
greatest effect on the black student population at these institutions. Alienation 
within the college community results in a lack of intellectual interaction which 
lan lead to low academic achievement. The black student encountering such a 
dilemma may become disillusioned enough to withdraw from graduate study. 

Alienation within the college community is often related to the problems of 
stereotyping. Accurately oi inaccurately, black graduate students often art* 
regarded as "special admit" students. Because of this view, black students have- 
not been expected to excel academically at the graduate level. Another problem, 
discussed by Reed { 1 978), is the lack of adequate career counselling. This occurs 
at all levels of education for black students. 

The minority graduate school play .s an inipoi tant role in fulfilling both the 
personal and educational needs of black students. Programs of study leading to 
graduate degrees are currently available at 28 black institutions. One of these, 
Alabama A&M University, has been involved actively in this project. Four 
bl.ii k institutions have doctorate programs. Howard University, Atlanta Uni- 
versity, Meharry Medical College, and Texas Southern University (Minority 
Group Partutpahon tn Graduate Education, 1976). Although black students may feel 
more comfortable in black graduate situations, here, too, they encounter prob- 
lems. These problems arc usually related to financial support (fellowships and 
assistantships) as well as to the need for laboratory space and equipment. In 
many ways, they reflect institutional concerns. Consider the following specific 
priorities listed by black graduate schools. 

1 . The attainment of equipment and facilities for the athiev i .nt of pro- 
gram goals 

2. The attainment of financial assistance foi institutional development 
and student aid 

3. The recruitment and retention of qualified faculty members 

4. The achievement of racial equality among all ethnic groups 

3. The creation of r ealistic administrative standards which allow the insti- 
tution to furution significantly in the educational mainstream without 
cultural barriers 

b. The development, extension, and impiovemcnt of programs of study in 
the social, physical, and biological sciences as well as in business and 
teacher training 

7. I he development of programs of study in sii(h areas as urban afl'airs, 
allied health, recreation and leisuie, and multicultural affairs (Minority 
Group Participation in Graduate Education, 1976), 

I he lack ol educational opportunities is reflected in the occupational data, 
described by Hale (1978, p. 203S). This study indicates that although blacks 
constitute 1 1 % of the U.S. population, they account for only 1 % of the physi- 
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cians and engineers and 2% uf the dentists. Furthermore, they comprise only 
about 5% of the labor force in science and engineering fields. 

In summary , lack of financial assistance and of carcei counselling as well as 
alienation and stcrcoty ping are among the major factors contributing to the low 
enrollment patterns and the high attrition rates of black graduate students. In 
spite of often strong desires to obtain graduate degrees, these obstacles may 
prove insurmountable. Removing these barriers is a task for all institutions of 
higher education. As the National Board on Graduate Education aptly states. 
"Increased minority participation in graduate education is an important goal to 
be reali/.ed for social, economic, intellectual, and cultural well-being of all 
persons. It is for the collective benefit of society that the representation of 
minority group persons among those earning advanced degrees be increased" 
(Minority Group Participation in Graduate Education, 1976, p. 1). 



Historically, education in the sciences for minority students has been al- 
most nonexistent. Today opportunities have been opened and more minority 
students are choosing science majors as undergraduate and giaduatc students. 
Although programs such as the cooperative Baicalauicate and Doctor of Vetei 
inary Medicine degree, described in Chapter 1 , help to alleviate barriers, many 
obstacles remain. Before educational and employment equity is possible, black 
students must be encouraged to entei science fields. This encouragement must 
begin in early adolescence where currkular materials, instructional strategies, 
and appropriate role models all contribute to positive attitudes toward and 
higher achievement li vels in science. Success will, then, lead to [Mi tic i pat ion. 



1. *Unn admission" rcicr> u> the practice of acliuitttnu a!! applicants usually isith evi 
clem v ol .» iiitgh school education or its equivalent. 
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4 Reports from the Field 

Preface 

The papers included in Chapter 4 arc a compilation of the research projects 
conducted by each participant on her home campus. Thc> are, therefore, re- 
ports from the field. The women each identified a learning problem on her 
campus, collected data about it, and presented solutions to alleviate it. Each 
paper has a different focus. 

The individual papers were written to stand alone, therefore, the reader 
may find some repetition of background information. In addition, different 
interpretations for similar results may be found, as each researcher applied 
different statistical analyses and explained her data in the context of her situa 
tion. 

The demographic survey and standardized instruments utili/.cd in the indi 
vidual studies arc included in Appendices C and D and the nature of the 
instruments is more fully described in Chapter 5. 

An Investigation of Ability /Aptitude, Personal, and 
Social Characteristics of Black College Students 

Nell R. Anthony 
and 

Olivia H. Sanders 

/in alteration of instructional mode and materials may prove to be especially 
important in science courses /or minority students. The data collected in this 
study indicate that the student sample was highly field-dependent, yet, they 
were enrolled in an introductory biology course which required exploration 
and discovery 

One major challenge in educational research is to determine which instruc 
tional methods facilitate learning for various kinds of students. In general, 
teachers do not understand how students learn, how they solve problems, or 
how they perceive and analyze various stimuli in their learning environments. 
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Cross (1976) has asserted that u . . . if we expect learning to have a maximum 
impact on tne development of individuals, we must offer options with respect to 
pacing, method of instruction, and curricular content.** In addition, Fcldman 
(1969) has stressed that the uniform pattern of education has to be replaced with 
a variety of activities designed to match differences in teaching and learning 
style. With more thoruugh knowledge of student characteristics and their inter- 
relationships, it may be possible to prescribe teaching methods and materials 
appropriate for particular types of students. 

The purpose of this study was to investigate the characteristics of students 
enrolled in an introductory college biology course at a predominantly black, 
southern university. A related goal was to investigate the possible relationships 
between selected characteristics. The student characteristics identified for this 
study were grouped into three areas. First, ability and aptitude were assessed. 
Second, personal factors were considered based upon data concerning locus of 
control orientation, cognitive style, number and enjoyment of spatial exj cri 
ences, and attitudes toward biology . Third, family and background factors were 
analyzed from data collected from a demographic survey. 



Instruments 



The first category of student characteristics examined was aptitude and 
ability. Aptitude, expressed as the ability to acquire knowledge, was measured 
by the School and College Aptitude Test (SCAT). In addition to the total score 
(SCATTOT), scores for the verbal (SCATV) and the quantitative (SCATQ) 
sections of the test were gathered and studied. The Otis Lennon Mental Ability 
Test (OLMAT) was used to assess school ability. 

The second tatcgory, personal factors, utilized data from four sources. 
Cognitive style, a consistent mode of intellectual functioning including stimulus 
pciception and infoi u.utiuii processing, was studied as a possible indicator of 
success in introductory science courses. Witkin, tt al. t (1977) have identified 
and studied the cognitive style of field independence (FI) and ficld-dcpcndcncc 
(FD). Field-independent individuals use a more analytical and intuitive ap- 
pioaili to problem solving. As Douglass (1976) states, M A field independent 
v analytual) pcison is able to analy/.e a complex stimulus and to distinguish, 
retain, and cooidmate relevant items extracted from a complex and distracting 
background." Conversely, individuals who arc field-dependent arc more gen- 
ual and global in their approach to problem solving. They may be more easily 
distiaitcdby irrelevant factors in a problem. Douglass (1976) has indicated that 
^uch an indiv idual is . . less likely than the analytical individual to be able to 
structure a stimulus and is unable to perceive parts of a field as discrete from the 



9 

ERLC 



81 



66 



Double Dilemma 



overall field of reference." The measure employed to assess the degree of field- 
independence is the Group Embedded Figures Test (GEFT). 

The personality attribute referred to as locus of control is an expression of 
the extent to which individuals believe that they, rather than outside factors, 
control their own lives. While internal individuals believe their own behaviors 
determine their fate, external individuals believe their lives arc not under their 
own control. Research in this area includes studies done by Phares (1957), 
Rotter (1966), and Strickland (1973). The Rotter Internal/External (I/E) Scale 
has been used to gather data on this attribute. 

Two uthcr personal dimensions were assessed and the data analyzed One 
was participation in spatial experiences such as golf or chess and one's enjoy- 
ment uf these activities. The Spatial Experience Questionnaire (SEQ) was used 
for this purpose. In addition, a Likcrt-typc biology attitude scale was used to 
gather information on the subject's attitudes toward biology. 

Finally, a background information survey, developed by a group of black, 
women faculty from five southern minority colleges and universities, was used 
to gather demographic data for each student. The data collected include gender, 
age, number of work-hours per week, academic major, size and socioeconomic 
descriptions uf home community, and parental level of education. For each of 
the 26 items on this survey, the subjects selected the most appropriate response 



Subjects 

The 142 freshman and sophomore students in this study were enrolled in 
an introductory laboratory biology course at a predominantly black, land grant 
institution in northern Alabama. Demographic data describing this sample are 
presented in Table 4. 1 . In this sample, 82% of the subjects are between the ages 
of 16 and 21. Thirty-two percent arc freshmen, while 46% are sophomores. 
Although enrolled in biology, 31% are education majors while only 10% major 
in science. Forty-one percent are from small communities (population less than 
25,000). In addition, 37% of the subjects are from families in which at least one 
parent has completed high school. 



Analyses 

The statistic al procedures applied to the data included the Pearson Product 
Moment Correlation, one-way analysis of variance, and stepwise multiple re- 
gression. Student characteristics were organized into three broad areas for 
consideration, aptitude and ability factors, personal factors, and family/ 
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TABLE 4*1 

Demographic Data: Percentages Describing Personal 
and Community Characteristics 



Variable 


Percentage 


Aw 




„-21 


89 


22-25 


n 
i >j 


26-35 


7 


Sex 




Female 


53 


Male 


47 


Class 




Freshman 


32 


Sophomore 


46 


nnmmnnilv T vrv* 
wi ii i iiui 111 y a y 




I e« rhnn 25 000 

IjVOS 111(411 **\ty\f\f\f 


T 1 


25,000-200,000 


28 


Over 200.000 


27 


Parental Education 




No High School 


19 


Onlv Hiffh School 


37 


Family Size 




1-2 oibhngs 


5 


3-4 Siblings 


53 


5 or More Siblings 


42 


Work Hours /Week 




Less than? 


49 


5-20 


27 


More than 20 


10 


.vlajor 




Social Sciences 


23 


Science 


10 


Education 


31 



background factors. A conelational design was employed to investigate interre- 
lationships of paired variables. A stepwise multiple regression was used to study 
variance and degree of change in the variance, since this technique increases the 
accuracy of prediction. A one way analysis of variance was performed to deter- 
mine the significance of differences in the means of SCATV, SCATQ, SCAT- 
TOT, OLMAT, and SEQ when the subjects were grouped by scores on the 
GEFT. 
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'Results 



Tabic 4.2 presents the intcrcurrelatiun coefficients for the aptitude and 
ability factors. School ability, as indicated by OLMAT scores, correlates with 

TABLE 4.2 

Pearson Product Moment Correlation Coefficients 
for Aptitude and Ability Variables 





N 


SCATV 


SCATQ 


SCATQ, 


121 


.24' 




SCAITOT 


121 


.82* 


.75* 


OLMAT 


119 


.79* 


.23* 



SCATTOT 



.67* 



KLY; SCAIV - Schwl«Col!cf5c Aptitude "lest, verbal score, SCATQ, - School College Apti- 
tude 1 est, quantitative score, SCA ITOT - School College Aptitude Test, total m ore, OLMAT 
- Otis-Lennon Mental Ability Test, 

SIGNIFICANCE: *p < .01. 



TABLE 4.3 

Summary Table: Stepwise Multiple Regressions 
(N - 142) 



INDEPENDENT VARIABLES 



Dependent OLMAT GEFP SEP l/E 

Variables Step: _J 2 3 4 

SCATV 

^ .64 .65 .65 

R* Change .58 .06 .00 .00 

SCATQ 

Ri .16 .20 .21 .21 



R* range .16 .05* .01** .00 

gaitot 

R2 .40 .53 .57 ,57 

R* Change .'10 .13 M* .00 



SIGNIFICANCE: *p < .05; "p < .01. 
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aptitude, as measured by SCAT stores. A very high correlation (.79) is found 
between scores on SCAT and those on OLM AT. As expected, the total aptitude 
scores (SCATTOT) correlates with each of its parts. The ability measure used 
(OLMAT) was the best predktoi of scholastic aptitude as measured by the 
SCATTOT. A stepwise multiple regression explored the identified relation- 
ships between ability and aptitude measures. Table 4.3 support* the correla- 
tions presented inTablc 4.2 and shows that OLMAT accounted for 587c of the 
total variance of SCAT verbal scores and 40% of the total variance of SCAT 
total scores. 



TABLE 4.4 

Pearson Product Moment Correlation Coefficients between 
Personal Variables and Ability and Aptitude Variables 
(N - 90) 



SCATV SCATQ SCATTOT OLMAT 



I/E -.08 -.09 -JO -.08 

SKQ, -.08 -.09 -.10 -.08 

Attitude .07 .46** .33** .10 

CEFT .50* .32* ,53* .38* 

SIGNIFICANCE: *p < ,01, **p < .001. 



Personal variable* such as cognitive style (GEFT), locus of control orienta- 
tion (I/E), number and enjoyment of spatial experiences (SEQ), and attitude 
(toward biology) were analyzed in relation to ability/aptitude measures. In 
general, slightly negative and very low correlations were found, as shown in 
Table 4. k However, attitude scores correlated significantly with SCATQ 
(n - 90, r • .46, p£ .001) and SCATTOT (n » 90, r « .33, p<;,001) scores. A 
possible explanation i,s that students who enjoy biology and who have more 
positive attitudes towaid it are students with stronger quantitative skills. The 
positive correlation between attitude scores and scores of the SCAT quantita- 
tive portion of the test supports this assumption. In addition, all scores on ability 
and aptitude measures con elated significantly with high scores on the GEFT 
icst of field independence/field dependence. High scores on GEFT test indicate 
a more field independent mode which correlated positively and significantly 
(pi .01) with scores on SCATV , SCATQ, SCATTOT, and OLMAT. 
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Relationships between demographic variables and ability/aptitude or per- 
sonal variables are shown in Table 4.5. Ability and aptitude variables such as 
SCATV, SCATQ, SCA ITOT, and OLMAT correlate significantly with in- 
creased parental education. Table 4.5 shuws a significant, negative correlation 
between family sue and other measures. The negative direction of the correla- 
tion is due to coding family sue from small (1) to large (5). In this population, 
students from smaller families, i.e., those with fewei siblings, were more field 
independent. 

Another significant correlation is found between attitude toward biology 
and the number of reading materials available in the home. The positive corre- 
lation, perhaps, is indicative of increased motivation and interest when students 
have access to newspapers and ..laga/ines which include science articles Signif- 
icant correlations are not found between the demographic variables, college 
major and sue of home community, and any ability /aptitude or personal \aria 
ble assessed. 

Relationships were revealed between cognitive style and all ability and 
aptitude measures (Table 4.4) as well as between cognitive style and the back- 
ground variable of family sue (Table 4.5). Therefore, an in-depth analysis of 
cognitive style was performed. Subject* were divided into two groups, field- 
independent and field-dependent, according to the mean score for the GEFT 



TABLE 4.5 



Pcaisun Product Moment Correlation Coefficients between Selected Demographic 
Variables/Ability and Aptitude Variables/Personal Variables 





SCATV SCATQ SCATTOT OLMAT GEFT 


IE ATT SEQ 


Community 


.07 


.03 


.06 


,14 


-.01 


.04 -.03 .13 


Size 


(95) 


(95) 


(95) 


(94) 


(81) 


(107)(101)(107) 


Parental 


,25* 


.22* 


.31" 


.34" 


,17 


.04 -.10-. 13 


Education 


(92) 


(92) 


(92) 


(93) 


(80) 


(107)(100)(106) 


Family 


-.05 


-.11 


-.10 


-.09 


-.20* 


.09 .00 .06 


Size 


(94) 


(94) 


(94) 


(95) 


(82) 


(109)(102)(108) 


Amount of Reading 


,07 


.04 


.07 


.09 


-.05 


.11 .28". 05 


Material in Home 


(97) 


(94) 


(94) 


(95) 


(82) 


(108)(102)(107) 


College 


.08 


.08 


-.06 


-.09 


-.05 


-.11 - .02 -.22 


Major 


(94) 


(94) 


(94) 


(92) 


(79) 


(106) (99) (105) 



.KEY- ( ) » N 

SIGNIFICANCE: *p < .05; "p < .01. 
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test (X « 4.95). Scores falling above the mean were used to characterize ficld- 
independent students, while scores falling below the mean indicated field- 
dependent students. A one-way analysis of variance (Table 4.6) was employed 
to ascertain if there were significant differences between these two groups on 
their mean scores on SCATV, SCATQ, SCATTOT, SEQ, and OLMAT. A 
significant difference in favor of the field- independent group was found 

with all measures of ability and aptitude. 

Discussion and Implications 

Review of the results indicates that there are many important factors 
affecting student achievement within a specific learning environment. The 
results raise many questions as to how one can effectively change a learning 
environment to benefit students. Possible preliminary actions are suggested to 
obtain this goal. 

Since the OLMAT and the SCAT aie both academic tests, it is expected 
that there will be a relatively high intercorrelation between the scores on these 
tests. The results corroborate this expectation. In addition, a positive correla- 
tion has been found between GEFr scores and scores on both the OLMAT and 
the SCAT. One implication is that field- independent people, those who score 
high on the GEFT, tend to score higher on selected school measures of aptitude 
and ability. Since both the OLMAT and the SCAT tests arc lengthy and 
involve a longer testing time than the Group Embedded Figures Test, these 
results suggest the GEFT may be a useful screening tool to identify potential 
academic success. It is a culture free papcr-and-pcncil test, requiring 12 min- 
utes, and it is scored easily. Instructors may use it to identify quickly students 
who may need extra help in a course. 

One of the purposes of this study was to investigate student characteristics, 
such as learning style and locus of control orientation, and then relationship to 
achievement. Correlations were established between field independence and 
high scores on ability and aptitude tests. Fuithermorc, a one way analysis of 
variance found significant differ, nces between field-independent and field- 
dependent groups based on their mean scores on various academic measures. 
This finding implies that a student's cognitive style may have a strong relation to 
his/her aptitude for acquiring knowledge in an academic setting. 

Perhaps the most important educational implication in cognitive style 
research is the hy pothesi/.ed relationship between teacher insti actional style, 
student cognitive style, and learning performance. Specifically, Cross (1976) 
lias suggested that optimal learning results when the instructional style of the 
teacher matches the learner's cognitive style. Researchers such as Carpenter, 
McLcod, and Skvarcious (1976), Grieve and Davis (1971), and Koran, Snow, 
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TABLE 4.6 



One-Way Analysis of Variance forGEFT Scores and Selected Measures 



Test 
Group 


N 


df Between 
dfWithin 


F 

Ratio 


F 

Probability 


Table 
v aiut 


M can 


Standard 


SCATV 
FI* 
FD 


33 
88 


1 

119 


27.42 


.000 


F„-3.94' 


20.64 
14.60 


7.46 
4,83 


SCATQ, 
FI 
FD 


33 
88 


I 

119 


12.49 


.001 


F.,,-3.94' 


17.40 

1 j./U 


6.23 

7.00 


SCATTOT 
FI 
FD 


33 
87 


1 

118 


34.28 


.000 


F 9 ,-3.94' 


38.03 
28.30 


9.74 
7.44 


OLMAT 
FI 
FD 


34 
89 


1 

121 


16.48 


.000 


Fm-3.92' 


37.94 
28.37 


14.7! 
10.34 


SEQ 
FI 
FD 


25 
86 


1 

105 


.195 


.650 
.660 


F,»-3.94 


47.IQ 
45.44 


4&§4 
17.08 



•Subjects were divided into FI/FD groups using GEFT X - 4.95. Students sconni$ above 4.95 were considered PI, those scoring below. FD 
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and McDonald (1971) have found that when an instructional style and student 
cognitive style are matched, content achievement is increased. Witkin, et ai 
(1977) have reported that field-independent students prefer greater isolation 
and social distance than field-dependent students. Likewise, field-independent 
students are generally more interested in theoretical and abstract ideas. Since 
field-independent students may prefer individual exploration of ideas, these 
students should prefei a discovery style of teaching. According to Macncil 
(1980), the discovery method of instruction involves teaching strategics which 
state the generalizations to be taught at the end of an instructional sequence, 
utilize little instructor guidance, and emphasize student centered presentations, 
such as discussions, role-play ing, self-paced laboratory exercises, and individ- 
ual and group problem solving session. On the other hand, some researchers 
have found that field-dependent people learn more, based on achievement tests, 
with an instructor who uses an expository classroom style. This style is charac- 
ten/.cd by presenting generalizations as the initial step in the instructional 
sequence, by using a high degree of instructoi guidance, and by focusing on 
tcachci centered presentation methods such as lecture and demonstrations 
(Macncil, 1980). Research indicates that field-dependent students may benefit 
from added structure in the learning environment. 

Since cognitive style is a stable personality characteristic (Witkin, el al., 
1977), most college instructors cannot change theii teaching style to match that 
ol the majority of their students. However, if instructors utilize the GEFT test to 
assess students cognitive learning styles, they could selectively incorporate 
examples, sequence lectures, and provide laboratory experiences appropriate 
for different cognitive styles. An alteration of instructional mode and materials 
may prove to be especially important in science courses for minority students. 
The data collected in this study indicate that the student sample was highly 
field-dependent, yet, they were enrolled in an introductory biology course 
which lequired exploration and discovery. The field-independent subsample of 
students achieved better on all ability and aptitude measures and, therefore, 
should have been able to learn more in this particular learning environment. 
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A Comparison of the Effect of Three Instructional 
Methods on Achievement of Biology Students 
in a Black Southern College 



Introduction 

The hy puthesis that highly specific instructional methods may cause differ- 
ence* In student achievement has appeared in the literature repeatedly during 
the last six years. If this idea is tenable, instruction for black students enrolled in 
a small, liberal arts college, or indeed any students, should be designed to 
enhance their achievement. Research by Kahle, etal. (1976) demonstrated that 
individualized audio-tutorial instruction is as effective as traditu il group in- 
struction in educating urban minority students in biology. In addition, Cobb 
(1977) revealed that although there was no significant difference in the biology 
achievement on pust-tcst scores between audio-tutorial (A T) and non-audio- 
tutorial (NA T) groups in the life science course in a small, minority college, 
students preferred the audio-tutorial method of instruction. 

Other research has shown students arc more efficient learners when they 
understand the objective of the instruction (Peterson and Carlson, 1979). For 
example, one method of illustrating the structure of knowledge of a discipline 
is by using Gowin s W V. W The W V W concept, developed by Robert Gowin of 
Cornell University, is a potentially valuable tool in identifying instructional 
sequences as well as conceptual organization of subject-matter for learners. A 
brief description of Gowin's W V W and its uses has been reported by Nov ak ( 1 979). 
He states that Gowin s W V W (Figure 4.1) illustrates how instructional objectives 
may be organized to create a learning hierarchy as well as a relevant sequence of 
learning experiences. According to Novak, these two types of organization must 
precede efficient, meaningful learning. Novak (1979) indicates that on the left 
s:dc of the g V"a hierarchy of learning should exist between concepts, conceptual 



Charlotte Carter 



The audio* tutorial mode of instruction is costly for small, minority colleges, 
however, based on findings in this study, A-T instruction may be cost 
accountable in terms of improved achievement levels. It may be worth the 
expense to implement and to expand audio-tutorial instruction in several other 
content areas for black college students. Furthermore, consortia of small 
colleges such as the Alabama Center for Higher Education could mutually 
develop audio- tutorial packets. 
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FIGURE 4.1 
Generalized Model of Gowin's U V* 
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SOURCE Novak, 1979. 



systems, and theories. On the light side of Gowin's "V" are the procedures the 
students use in the learning process. These procedures include recording the 
observations of events or objects, organizing and transforming these records 
into tables, graphs, charts, and statistical values, and finally, drawing "conclu- 
sions*' in the form of knowledge and/or value claims. Figure 4.2 is an example of 
sequencing a laboratory exercise on Gowin's "V." A laboratory exercise, "Bio- 
logical Molecules Synthesized by Organisms," illustrates its use. At the base of 
the W V in Figure 4.2 arc the objects or events. 

This study evaluated the comparative effectiveness of audio-tutorial instruc 
tion, conventional laboratory instruction, and conventional laboratory instruc 
tion supplemented with Gowin s"V"on the biology achievement of students at a 
small, minority, liberal arts college. Although some research indicates that 
minority students achieve more with A-T instruction, the cost of that mode has 
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What arc the major biological molecules synthesized and used by cells? 



Theor y: 

Metabolism 



Conceptual S ystem: 

Chemical composition determines 
chemical reaction of specific material 
in vitro and in vivo 



Relevant Concepts 
Saturated fats 
Unsaturated fats 
Simple sugars 



Carbohydrates 
Proteins 
Double sugars 




Claims: 

Knowledge - Organic molecules can be 
identified by their reaction with 
other chemical compounds 

Value - Organic nutrients are 
important for growth 



Transformation: Color change with reagent 
Brick - red Blue-black Pink 

Carbohydrates 



era 



Events: 

Reactions of 
Organic Nutrients 



Proteins 
Fats 



Records ; 

Test results (positive or negative) 
by appearance of color change 
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been prohibitive for many small colleges. Therefore, if the use of GowinW" is 
as effective with no increased cost, it may be a more appropriate instructional 
format for these colleges. 

Experimental Design 

The subjects involved in this study were enrolled in a one-semester, intro- 
ductory life-science course. The three instructional methods used were: 

1 . Treatment gi oup 1 . self-paced audio-tutorial laboratory instruction 

2. Treatment group 2. conventional laboratory instruction with no expla- 
nation of the instructional objectives for each laboratory exercise 

3. Treatment group 3. conventional laboratory instruction and an cxpla 
nation of the instructional objectives for each laboratory exercise 
through the Use of Gowins w V." 

Students in group 1 used the self paced audio-tutorial method of instruction, 
supplemented by a study guide for laboratory work. Students in groups 2 and 3 
used a textbook in a regular classroom setting and were involved in identical 
laboratory experiences. Additionally, students in group 3 received instruction 
about Gowm s U V W and u^cd it in preparing laboratory reports. All three groups 
received equivalent material and instructional time. The study was replicated 
during the second semester. 

Five laboratory exercises were completed over a five week period by stu- 
dents in all treatment groups. These exercises included the following topics 1 

1 . Cell Membrane Activity: The Physical Aspects of Life 

2. Measurement of Enzyme Activity by Sampling 

3. The Biochemistry of DNA-RNA 

4. Analysis of a Protein 

5. Microbiological Techniques. 

Prior to the treatment, all subjects were given an achievement pretest covering 
the course content as well as a battery of tests to assess their analytical thinking 
ability, locus of control, spatial experiences, and attitudes toward biology 



Instruments 

Each student s attitude toward biology was assessed with a questionnaire 
developed by Russell and his associates, the Biology Attitude Scale (Russell and 
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Hollander, 197 j). Fourteen statements on the questionnaire required students 
to indicate the extent to which the> agreed with the statements, for example, U I 
ically like biology." The remaining eight items addressed ihe student's attitude 
toward biology by asking the student to rate biology along a continuum between 
two extremes. The wolds "worthless" and "valuable" are examples of descriptors 
used to rate these items. 

Wilkin's Group Embedded Figures Test (GEFT) (Oilman, el aL t 1971) 
was given to determine the degree to which a student was analytical. This test 
required a student to separate a simple geometric shape from a complex field 
into which it had occn embedded. 

Students locus of control orientations were assessed by Rotter's I/E 
(Internal/External) Scale (Rotter, 1966). This scale measured the degree to 
which individuals believed that they control their own lives. If they felt they 
were in control, they were described as internal. External individuals believed 
theli destiny was not under their personal control. The I/E questionnaire Is 
composed of 23 forced choice items and six filler items. It is scored by assigning 
one point to each item which is consideicd more consistent with an external 
locus of control. Those indiv iduals with high scores arc characterized as hav ing 
an external locus of control, while low scores characterize individuals with an 
internal locus of control. 

The Spatial Experience Questionnaire (SEQ) (McDaniel, etal. , 1978) was 
administered to assess the extent of the students' participation in and enjoy ment 
of spatial experiences. All of these instruments were administered prior to the 
experimental period. 

A 50-itcm biology achievement test of course content was developed and 
adfutmstcicd duiing the fourth week of the semester. Mean scores from this test 
weie used as a standard for determining the equivalency of treatment groups. 
An equivalent form was administered as the achievement post test approxi- 
mately five weeks after the instruction period began. 



Analyses 

Pre test anil post test means for the three treatment groups were compared 
by one way analysis of vaiiaiitcin the first segment of the analysis. A Newman 
Keuls test was performed on the post test means when significant differences 
were found among the groups in order to identify the homogeneous subsets. In 
the sci olid segment of the analysis, Pearson Product Moment correlation cocfli 
ucnts wcic computed to identify statistically significant relationships between 
selected variables. The treatments in this study were replicated during the 
second semester using three different groups of students. 
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Results and Discussion 

Demographic data for all subjects arc summarized in Tabic 4.7 The mean 
scores and the total possible points fur all measures arc shown in Tabic 4 8. The 

TABLE 4.7 



Descriptive Data by Treatment for All Subjects 



Age in 






Declared 




I Uci rs 


% 


Class % Sex % 


Kthnic Origin 


% 


16-21 


82.5 


Freshman 47.5 Female 55.0 


African 


2.5 


22-25 


10.0 


Sophomore 32.5 Male 45.0 


American Black 


95.0 


26-35 


7.5 


Junior 15.0 


Hispanic 


— 


36-45 




Senior 2.5 


White 


2.5 


Over 45 




Unclassified 5.0 


Other 


— 






TABLE 4.8 








Total Points and Means by Semester for Selected Measures 








Possible Means by Semester 




Measure 




Totals 1 


2 


1+2 


Altitude 




110 76.30 


73.22 


■1.40 


Post-Altitude 


110 78.60 


76.23 


77.32 


IK 




23 9.03 


9.92 


9.58 


Spatial Experience 


150 43.88 


45.88 


43.87 


GEFT 




18 4,60 


2.98 


3.66 


Prr-Test 




50 17.13 


17.29 


17.22 


Post -Test 




50 22.53 


21.70 


22.10 



KKY, IK - Internal/External, GKFT « Group Embedded Figures Test. 



subjects in this study had positive attitudes toward biology and their attitudes 
did not change significantly between the beginning and the end of this one 
semester biology course. The analysis of pre-test means for the three treatment 
groups, "I able 4.9, indicated than there were no significant differences between 
the three groups on prior knowledge as measured by the pre test. Therefore, the 
groups were assumed equivalent prior to the experimental treatment. 
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TABLE 4.9 



One-Way Analysis of Variance Comparing Prc-Test Means for Three Treatment 

Groups by Semesters 



Semester 


Group 


N 


X 


Source 


<IF 


MS 


F Ratio 


F Probability 




1 


16 


18.75 


Between 


2 


36.23 




















1.53 


.23 


1 


2 


12 


16.33 


Within 


37 


23.78 








3 


12 


15.75 














1 


27 


18.26 


Between 


2 


45.62 




















1.73 


.19 


2 


2 


14 


16.10 


Within 


49 


26.32 








3 


11 


15.18 













K1*A, Group I - Amltu-UUonal.Gruup 2 * Comnaion.tl, Group 3 - Cum cntional plus Go- 
win's "V" 



After the experimental period, differences in achievement levels between 
treatment groups were examined (Table 4.10) by a one way analysis of variance 
on the post-test scores of the content test. This analysis showed that a significant 
difference in achievement existed between the three groups. The Newman 
Keuls test (Table 4. 10) identified two homogeneous subsets foi each semester. 
During each semester, one subset was composed of group 1 (audio-tutorial) 
while the second subset was composed of group 2 (conventional) and group 3 
(conventional plus Gowiris "V"). These analyses indicated that the post-test 
mean of group 1 was significantly higher than the post test mean of group 3 for 
both semesters. Therefore, this study supported earlier findings that minority 
students perform better using self-paced, audio-tutorial format than a formal, 
conventional class format (Kahlc, etaL> 1976). 

The few significant intercorrelation coefficients of the various measures 
investigated in this study are shown in Table 4.11. Significant positive correla- 
tions were found between the degree of field-independence as measured by the 
GEFT and the SEQ(r - .29, n « 93), the content pre test (r * .26, n = 88), and 
the content post-test (r«.18, n - 90). Significant negative correlations were 
found between the degree of field-independence as measured by the GEFT and 
IE (r « ~ .24, n « 94), and the fmal course grade (r = - .29, n » 62). The nega- 
tive correlations found weie a function of the scales used. A low score for I/E 
indicates an internal locus of control and course grades were coded from 1 
through 0 with A grades receiving 1. Field-dependent students were found lobe 

er|c e? 



TABLE 4,10 



One-Way Analysis of Variance Comparing Post-Test Means for 
Three Treatment Groups by Semesters and Ncwman-Kcul Sublets 



Semester 


Group 


XT 

N 


X 


Source 




K/fQ 
Mo 






16 


25.69 


Ret ween 


2 


145.35 


i 
1 


o 

I 


10 


9 1 A9 


\A/it h In 
VV 1 111 III 


o / 


9fi *i9 




3 


12 


19.42 










I 


26 


23.19 


Between 


2 


93.66 


2 


2 


13 


20.92 


Within 


50 


29.32 




3 


14 


18.71 










J 


42 


24.14 


Between 


2 


223.05 


I + 2 


2 


22 


20.27 


Within 


88 


27.59 




3 


27 


19.33 









MS F Ratio F Probability 



5.48 



3.20 



8.09 



.01 



.05 



,001 



KKY: Group I - Audio-tutorial, Group 2 - Conventional; Group 3 - Conventional plus Gowin's^V." 
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25.69 
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18.71 


20.92 
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20.92 
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TABLE 4.11 



Significant Pearson Product Moment Correlation Coefficients between Group 
Embedded Figures Test and Selected Variables 





IE 


SEQ 


Grade 


Pre-Test 


Post-Test 




-.24 


.29 


-.29 


.26 


.18 


GEFT 


(94) 


(93) 


(62) 


(88) 


(90) 




p - .01 


p - .002 


p - .01 


p - .01 


p - .04 



KEY. IE » Louis of control (low score - Internal), GEFT - Group Embedded Figures 'I est 
(high store « Field Independent), Grade - A - I , B - 2, C « 3, D - 4, F - 5, 1 - 6, SEQ - Spatial 
Experience Questional re (high score - frequent and enjoyable activities). 



more externally oriented and had participated in and/or enjoyed fewer spatial 
experiences than field-independent students. In addition, field-dependent stu- 
dents scored lower on both the pre test and post-test content tests and achieved 
lower course grades than the field-independent students. GEFT scores correl- 
ated significantly with course performance and, therefore, may be useful as a 
predictor of achievement performance in biology classes foi subjects at a se- 
lected southern, black college. 

Implications 

Although studies describing a possible relationship between instructional 
method and academic achlev cmcnt do not necessarily indicate a cause and effect 
relationship, there is increased evidence which suggests one may influence die 
other. In this case, there Is evidence that individualized audio-tutorial classes 
enhance the achievement levels of minority students in college biology classes. 

The lower achievement levels demonstrated by the comcntional class and 
the conventional class with Gowin's u V M may indicate the ineffectiveness of these 
formats. However, it also may indicate that in-depth experience and practice 
with Gowin's M V H arc necessary by teachers and students before achievement 
levels improve. Novak (1980) has identified in his work with the tt V" three 
different areas for its use. He has examined it A a pre-tcaching, teaching, and 
learning tool. After implementing this format for several years, a study may 
show Gowin's U V" as an effective teaching-learning tool for minority students in 
biolog) classes. 
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The audio-tutorial mode of instruction is costly for small, minority col- 
leges; however, based on findings in this study, A-T instruction may be cost 
accountable in terms of improved achievement levels. It may be worth the 
expense to implement and to expand audio-tutorial instruction in several other 
content areas for black college students. Furthermore, consortia of small col- 
leges such as the Alabama Center for Higher Education could mutually develop 
audto-tutorial packets. These packets, distributed throughout the consortium, 
would provide appropriate instructional materials in a tested format to many 
minority students at minimal costs to the individual institution 
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An Investigation of Factors Affecting Biology 
Achievement of Minority College Students 

Mildred A. Collins 

. . . the findings of this study support the studies of Russell (1975), Hub' 
bard (1974), and other researchers (Lao, 1970; Kahle, ct al., 1976; and 
Ruwe, 1974), Cognitive learning styles, locus of control orientations, and 
attitudes toward biology all affect the achievement levels of introductory 
biology students. 

Introduction 

Man) factors affect achievement of college biology students. The ones 
investigated in this stud) are. (1) the cognitive learning style of students, (2) 
students* views of then environment, and (3) students* attitudes toward biology. 

Cognitive learning st)le is the manner in which an individual perceives 
and processes data in his/her env ironmcnt. It can be measured along a contin- 
uum with extremes defined as field independent and field-dependent. Field- 
independent (FI) lcarneis are characterized as analytical and usually are able to 
reorganize discrete fields and infer generalizations from reasonable evidence 
(Witkin, et ai, 1977). On the other hand, field-dependent (FD) learners are 
viewed as less able to locate a simple figure in a distracting ur complex field. 
They are described as global thinkers, considering problems in their entirety 
rather than reorganizing these problems into parts for solutions (Douglass, 
1979, Douglass and Kahle, 1977j. Field-dependent students need greater exter- 
nal structure m the learning process for definition of their attitudes and judg- 
ments. 

Another factor that may affect the way students learn was described by 
Rotter in 1966. His study focused on the degree to which individuals believed 
that they (rather than someone or something in their cnvirunrncnt) were re- 
sponsible for what happens to them. He called this personality dimension locus 
uf control. Iridiv iduals whu believe that they control their own fate score low un 
measures of lucus of control and arc termed internal. Internally oriented people 
believe that both situations and rewards arc under their contrul. They are more 
likely to attempt to control their environments, they often show uvert striving 
foi achievement. Lao (1970) reported that they resist the influence of others, 
yet, in turn, are more effective in influencing others. Rowe (1978) found that 
internal students are more active information seekers and more effective infor- 
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tiiatiun retainers. Individuals who believe that their fate is not under their 
personal control, but rathci that it is controlled b> powerful others or luck, are 
called external (Rotter, 1966). They arc suspicious of authority figures and 
pceis, and they believe that others may possibly block their attempts to control 
their environment. They accept short term gratification of thcii goals and place 
responsibility for their successes and failures elsewhere (Joe, 1971) Rowc 
(1978) found that external individuals aie passive problem solvers Further, she 
indicated that their achievement patterns in school were usually below the level 
predicted by standardized measures of their abilities. 

Students' perceptions of their environments and their learning styles may 
influence their attitudes towaid a particular course. Russell and Hollander 
(1975) indicated that attitudes correlate positively with achievement in most 
cases. This is consistent with findings by Hubbard (1974) that correlations 
occur between attitude and achievement in biology. Various researchers (Lao, 
1970, Russell and Hollander, 1975, Kahlc, etai, 1976, Rowc, 1974; Douglass 
and Kahlc, 1977) have noted intcrcorrclations between two or more of the 
following variables, achievement, locus of control, cognitive style, attitude, and 
mode of instruction. 

This study was designed to examine possible intcrcorrclations between the 
above variables. It was conducted with introductory biology students attending 
a small, urban, southern, church-related college. The following questions were 
investigated: 

1. Will field-independent studento demonstrate greater achievement in a 
college biology course than field-dependent students? 

2. Will students who arc more internal on the locus of control measure 
achieve higher in a college biology course? 

3. Will positive attitudes toward biology result in greatei achievement in a 
college biology course? 

Methods 

The subjects for this study were 47 males and 46 females randomly selected 
Irom 150 minority students enrolled in a general biology course. Each week, the 
students were required to complete a two-hour laboratory exercise These labo- 
ratory exercises contained specific objective statements, specific activity assign* 
ments listed in a stcp-by-stcp ordei, and review questions. The students vyere 
required to complete written reports on each laboratory exercise. In addition, 
study guides and texts were utilized. Each study guide included behavioral 
objectives, suggested learning activities y and library references which comple- 
mented the lecture topics. 
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Achievement tests were administered for each learning unit during the se- 
mester. Each achievement test consisted of 40 criterion-referenced, multiple- 
choice items selected from a test bank accompanying the text, Biology (Arms and 
Camp, 1 979). These tests were administered immediately after each unit A 1 1 2- 
item test was administered during the final examination period at the end of the 
semester. This final examination followed the same format as the achievement 
tests. 

Cognitive learning style was assessed using the Group Embedded Figures 
Test (GEFT) (Oltman, ttaL, 1971). This instrument is an 18-item 12-minute 
test which requires the student to identify simple figures hidden in a complex 
;icld. The test is an indicator of the student's analytical ability. 

Locus of control was assessed by the Rotter Internal/External (I/E) Scale 
(Rotter, 1966), a 29-itcm forced-choice test (six of the 29 items are fillers) The 
test identifies differences in whether or not individuals believe they control, or 
aie controlled by, their environment. Scores are determined by adding the 
number of external choices for each student (Rotter, 1966). High scores indi- 
cate external students, and low scores reflect an internal dimension. 

The Biology Attitude Scale, composed of 22 Likert-typc items, assessed 
attitudes toward biology (Russell and Hollander, 1975). This test was adminis- 
tered twice, once prior to the treatment period and once at the end of the 
semester. 



Results and Discussion 



Table 4.1 2 summarizes the correlations between final examination scores, 
final grades, and selected variables such as GEFT scores, I/E scores, and atti- 
tude scores. Highly significant coi relations between attitudes after treatment 
and final examination scores, as well as attitudes after treatment and final 
grades, are shown in Table 4.12. This is consistent with Hubbard's (1974) 
findings that correlations occur between positive attitude and high achievement 
in biology. 

As Figure 4.3 illustrates, only 32 students (N « 92) scored below the mean 
(X » 8.6) on Rotters measure of locus of control scale. On this measure, a low 
score indicates an internal orientation. The majority of the students scored 
above the mean and arc, therefore, classified as external. Table 4.12 shows a 
significant, positive correlation between locus of control score and biology 
achievement as assessed by the final examination and the final grade This 
positive correlation may be attributed to using carefully controlled and se- 
quenced instructional mateiials, to the instructor's personality, which encour- 
aged externals to believe they could achieve, or to the unusual distribution of the 
sample. 
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TABLE 4.12 

Pearson Product Moment Coefficients between Selected Measures 
and Final Achievement in Biology 



Selected 
Measures 



Final 

Exam 



Filial 
Grade 







Pre- 


Post- 


l/E 


GEFT 


Attitude 


Attitude 


.246* 


.325* 


.208* 


.481* 


(91) 


(91) 


(91) 


(91) 


p - .009 


p - .001 


p - .02 


p - .001 


.309* 


.291* 


.093 f 


.424* 


(92) 


(92) 


(92) / 


(91) 


p - .001 


p - .002 


p - .18 


p - .001 



KEY l/E * R«tUT Internal External Stale (Rotter. 1966), GKF1 - Grmip ranUuldal Figures 
Test (field independent/field dependent), * - Significant correlation. () « N« 



Implications 



The analysis of the data implied that certain personal characteristics may 
influence learning achievement in an introductory biology class. Learning 
styles, perceptions of the environment, and attitudes toward biology were the 
variables studied. 

Cognitive learning style, particularly field independence, was related to 
higher scores on a final exam as well as higher final grades in the course. 
According to this study, the GEFT scores correlated with achievement in biol- 
ogy. Anthony and Sanders (1981) found that GEFT scores correlate with the 
Otis Lennon Mental Ability Test and the School and College Aptitude Test 
scores. Their findings also indicate that GEFT may be used to estimate the 
academic achievement of minority college students in introductory biulogy. 
Thus, by administering GEIT to biology students at the beginning of the 
semester, instructors can identify field-dependent and field independent 
learners This classification, then, could assist instructors in identifying stu- 
dents who may need extra help or a different mode of instruction. 

Positive, significant correlations were found between locus of control (IE) 
scores and final examination scores as well as final course-grades. The hypoth- 
esis that internally oriented students achieve at higher levels was nut supported 
by this result. Students who were classified as external achieved higher in this 
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FIGURE 4 J 

Sample Distribution of Student Scores on the Rotter's I/E Scale 
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study. Shcn is (1980) nutcs that tcacher-diiected learning tan enhance the 
achievement levels of external students. 

The third question addiesscd was whether positive attitudes correlate with 
achievement. This study indicates a positive correlation between post- 
experimental attitudes and final examination scores and final course grades 

In summary, the findings of this study support the studies of Russell and 
Hollander (J 975), Hubbard(1974), and other researchers (Lao, 1970, K«ihlc,rf 
al., 1976, and Rowe, 1974). Cognitive learning styles, locus of control orienta- 
tions, and attitudes toward biology all afTect the achievement levels of introduc 
tory biology students. 
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The Efficacy of Spatial Ability and Other Selected 
Measures in Predicting Mathematics Achievement of 
Minority Students 

Gwendolyn Wilson Davis 

An analysis of several factors, both general (locus of control, cognitive style, 
and gender) and specific (spatial experiences, spatial ability, and mathe- 
matics anxiety), which affect achievement levels of students in mathematics 
classes indicated the appropriateness of selected instruments for minority 
students. The spatial ability sub-test of the Spatial Experienu Questionnaire 
was the most useful one. 



Introduction 

College mathematics instructors frequently attempt tu identify charactcris 
tics which alTect students' achievement in mathematics (Fennema and Sher 
man, 1978, McDaniel and Guay, 1976, Whcatlcy and Wheaticy, 1979). Mc- 
Damcl,rta/., ^1978;, fur example developed and used a two-part questionnaire 
to measure subjects* participation in spatial experiences, to analyze their enjoy 
ment of these experiences, and to assess subjects spatial abilities. The investiga 
tion reported in this paper sought to ascertain whether or not the number and 
enjoyment of spatial experiences and the amount of spatial ability possessed by 
minority students were related to other selected cognitive and personal varia- 
bles. 



Experimental Design 

The suidents involved in the study matriculated at a small, private, pre- 
dominantly black, four-year, liberal arts college in the South. Sixty-eight stu- 
dents^ females and 13 males) paiticipated in the study. Although the major- 
ity were freshmen, sophomoics, juniors, and seniors were involved also. Prior 
to registering for the first semester, all freshmen were given diagnostic tests, 
developed by the college faculty, to assess their mathematics and communiea 
tion skills. On the basis of the result*, the freshmen students were enrolled in a 
particular section of introductory mathematics or in calculus. Consequently, 
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students involved in this investigation were enrolled in the first scmestei of a low 
ability, introductory mathematics course or in a calculus couisc. Demographic 
data were obtained using a 26-item questionnaire de^ eloped b> a group of black 
faculty members from five predominantly black, southern colleges and uni\cr 
sitics. 



Instruments 

The Spatial Experience Questionnaire (SEQ) (McDanicl, et at., 1978) was 
used to assess both participation in and enjoyment of spatial activities as well as 
to assess the degree of spatial ability. The SEQ measure consists of 61 items. 
The first 25 measure number of spatial experiences, items 26 through 50 assess 
enjoyment of spatial activities, items 51 thr* . 1 54 assess spatial ability. The 
last seven items interpret mathematical diffei ..u:s due to gender and were not 
administered due to the few males in the group. When total score is used in the 
analyses, item d 1 through 50 (3 points each) arc used. The Mathematics Anxi 
cty Rating Scale was used to measure the degree of apprehension experienced 
by students placed in situations involving a high level of anxiety. The Rotter 
Internal/External (I/E) Scale (Rotter, 1966) was used to determine an Individ 
uals position along an internal/external continuum called lucus uf control. The 
subjects cognitive styles were assessed using Witkin's Group Embedded Fig 
urcsTcst(GEFT)(Oltman,^a/., 1971). 

Semester course grades were determined by calculating a weighted mean, 
using percentages established at the beginning of the semester for scores re 
ccived on quu/.cs, hour examinations, homework assignments, laboratory ex 
crcises (introductory mathematics students only), and the final examination. 



TABLE 4.13 

Background Data in Percentages (N - 68) 

Work Community 

Hours Number Parent Education Siae 

Student Student per of ^High 

Age Sex Week Siblings School Some College 

(16-18) (Female) (<5) (£4) Graduate College Graduate <25,000 >200,000 

94 ~80 54 60 39 25 36 38 38 



ERIC 108 



Reports from the Field 



93 



Results 



The demographic data describing the subjects in this stud) are presented in 
Tabic 4.13, Mean scores for the various measures used in the study are dis- 
played by gender in Table 4.14. The Pearson Product Moment Correlation 

— ~ ~ TABL-E-4T1-4 



Mean Score for All Measures ?.ad 
Course Grade by Gendrr 





I/E 
(23) 


GEFT 
(18) 


SEQ, 
(150) 


Spatial 
Ability 
(8) 


MARS 
(490) 


Course 
Grade 

w 


Female 
N - 55 


10.7 


4.3 


53.4 


4.4 


215 


1.3 


Male 
N - 13 


11.4 


5.0 


54.5 


4.4 


228 


1.1 



KEY. { ) - 1 ota! Possible points, Grade Stale. A - 4, B - 3, C - 2, D - 1 , F - 0, I/E - Locus of 
Control, OhM - Group bmbcdilcil Figures lest, 5LQ - Spatial Experience Questionnaire 
(items 1 through 50), MARS - Mathematics Anxiety Hating Scale. 



coefficient matrix in Table 4. 15 shows total SEQ scores correlated significantly 
with scores on GEFT, ndicating students who were more field-independent 
had had more spatial experiences which they had enjoyed. According to 1 able 
4. 13, total SEQ, scores correlated negatively with course grades, suggesting the 
number and enjoyment of spatial activities were inveiscly related to higher 
achievement in the two mathematics classes. 

Other significant correlation coefficients vverc found between the sttbscore 
which assessed spatial ability and the test for mathematics anxiety , the internal/ 
external scale, and the final course grade. These significant correlations indi- 
cate that, in this sample, students with low scores on a spatial ability test had 
higher levels of math anxiety , that internal subjects scored higher than external 
subjects on a mathematics ability test, and that subjects with higher scores on a 
test of mathematical ability achieved higher grades in two mathematics courses. 
The matrix displayed in Table 4.15 docs not show significant correlations 
bciween other variables such as locus of control, cognitive style, and course 
grades. 
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TABLE 4,15 

Pearson Product Moment Correlation Coefficients 
For Selected Variables 





SEQ 


Spatial 










Total 


Ability 


MARS 


I/E 


GEFT 


-.MARS 


0264. 


„2523~ 











(63) 


(65) 










p- .419 


p-,021* 








I/E 


-.0192 


- .2037 


.004 








(62) 


(63) 


(63) 








P-.441 


p-,055* 


p- .199 






GEFT 


.2726 


.0845 


-.0611 


-.1261 






(58) 


(59) 


(56) 


(55) 






p-,019* 


p-,262 


p - .319 


P-.180 




Course 


- .2968 


.2134 


-.1046 


.0126 


- .0204 


Grade 


(63) 


(66) 


(61) 


(61) 


(58) 




P-.009" 


P-.043* 


p - .21 1 


p- .461 


p - .440 



KEY. * - Significant at .05 level, • • - Significant at .01 level, ( ) - Number of subjects. 



Discussion 

There were no significant differences between the performance of females 
and males as indicated by mean scores on the Instruments used in this study. 
The sample may be described as ficld-dcpcndeni with external locus of control 
orientations, lower than mid range mathematics anxiety levels, low total SEQ 
scores, low spatial ability indices, and low levels of mathematical achievement 
in two courses at a minority college. 

Spatial ability scores were correlated with achievement as measured by 
course grades in both mathematics courses. Total SEQscorcs were not correl 
atcd with achievement. As expected, the number of spatial experiences and the 
enjoyment of these experiences correlated with high spatial ability scores. Al- 
though the field independent mode of cognitive style correlated with the num 
bcr and enjoyment of spatial experiences, the spatial ability index was not 
correlated with the field independent mode of cognitive style. In Oltman, el ai } 
(1971), it was stated that the Group Embedded Figures Test did not assess 
spatial ability , these results corroborate that statement. However, students who 
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FIGURE 4.4 
Illustration of a Group Embedded Figures Test Item * 

G 




Find Simple Form "G" 

•P.K„ Oilman, E. Raskin, and H.A. Wilkin, "Gruup Einl)cddcd Figures 1 est," Pat*, Altu, Califor 
nia: Consulting Psychologists Press, 1971. 



have hail more spatial cxpenenLCs and who have enjoyed them score higher on 
the GEFT. An examination of a sample item on the GEFT (Figure 4.4) indi- 
cates that activities thought to augment spatial perceptions might help a student 
complete the GEFT successfully . Locuo of control orientation correlated signifi- 
cantly with spatial ability (Table 4. 15). However, this dimension did not corre- 
late with spatial experiences and the enjoyment of those experiences (Tabic 
4.15). The negative correlation between spatial ability scores and locus of con- 
trol orientation indicates that the internally oriented portion of the sample 
scored higher on the test of mathematical ability. 

The significant negative correlation between mathematics anxiety scores 
and spatial ability scores indicate that subjects with more evidence of spatial 
abilities had lower levels of math anxiety. There was no relationship between 
anxiety levels and total SEQ scores. These results indicate that high mathe- 
matics anxiety may be positively related to lack of spatial ability rather than to 
the lack of spatial experiences. 

This investigation found significant correlations between the following 
pairs of variables: 

iii 
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1 . Cognitive style and numbet and enjoyment of spatial experiences 

2. Course grade and number and enjoyment of spatial experiences 

3. Mathematics anxiety and spatial ability 

4. Locus of control orientation and spatial ability 

5. Course grade and spatial ability. 

Equally important is the fact there we;e no significant coi relations between the 
Hbllowingpairsof variables: — - — — — - - 

1 . Course grades and mathematics anxiety 

2. The number and enjoyment of spatial experiences and mathematics 
anxiety. 



Implications 

The results of this study are interesting both in the direction of significant 
correlations and in the compar ,on of mean scores by gender. For example, 
although the sample was not evenly divided by gendet, data did not iHitatc 
higher levels of mathematics anxiety in minority females. In addition, both 
sexes reported approximately the same total number and the same degree of 
enjoyment of spatial experiences, and the mean scores on the subscale which 
measured mathematical ability were identical for males and females 

The correlations showing relationships between selected variables may be 
grouped to ascertain the effectiveness of these measures foi minority students 
The mean score of all items on the Spatial Experience Questionnaire, which 
indicates number and enjoyment of spatial experiences, did not correlate with 
course grade or level of mathematics anxiety . A careful examination of the test, 
by us developer (E. McDaniel) and several black science and mathematics 
faculty at minority institutions, revealed that the Spatial Experience Question- 
naire did not include enough activities common to minority students. There- 
fore, one implication of this study is that the acquisition ui development of an 
instrument better suited to a minority student population is impel ative Based 
upon positive, significant correlations between spatial ability mean score and 
high course gtade as well as upon die inverse relationship found between spatial 
ability mean score and math anxiety mean score, the subscale (items 51-54) 
may be useful to identify quickly spatial ability levels of minority eollege stu 
dents prior to enrollment in mathematics courses. 

With the exception of a negative, significant correlation between mathe- 
matics anxiety and spatial ability mean scores, no relationships were found 
between mean scores on the MARS teaUundothei scores. Again, inspection of 
the instrument revealed that its length and readability level probably a flee ted 
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the performance levels of this sample. This finding implies that an alternate 
measure of mathematics anxiety should be used in studies involv ing similar 
populations. 

Summary 



An analysis of several factors, both general (locus of control, cognitive 
style, and gendci)and specific (spatial experiences, spatial ability, and mathe- 
matics anxiety), which affect achievement levels of students in mathematics 
classes indicated the appropt lateness of selected instruments for minority stu- 
dents. The spatial ability sub-test of the Spatial Experience Questionnaire was 
the most useful one. 

In addition, interrelationships between characteristics were revealed. In- 
terestingly, the dimension of cognitive style did not correlate with measures of 
mathematics anxiety and spatial ability . However, scores on the locus of control 
measuie did correlate significantly with both spatial ability and spatial experi- 
ence mean scores. The inverse coefficients indicated internal students had 
higher spatial ability scores and more spatial experiences. 
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Urban Minority Student Characteristics Related to 
Achievement in an Introductory Biology Course 

Barbara Small Morgan 

"ThTTesulisof'ihTltiveltlj^ 

em, black, urban, junior-college students in an introductory audio-tutorial 
biology class were greater than achievement levels of students in a convention- 
ally taught class. The mode of instruction, however, did not affect their 
attitudes toward biology. 



Introduction 



A broad spectrum of ages, achievement levels, motivational levels, and 
academic experiences commonly arc encountered in urban junior-college class- 
rooms. The diversity of the student population tan be attributed partially to 
attempts at making higher education accessible to all. Factors affecting urban 
junior-college students include, family responsibilities, part-time or full-time 
employment, lack of college preparatory background, and a lack of supportive- 
networks due to the fact that many students arc the first of a family to attend 
college. Thus, attrition rates may be high, and the academic progress of those 
who continue in college may be slow or minimal. 

Research shows an interaction between academic achievement, instruc- 
tional mode, and siudent characteristics. Therefore, a diversity of students 
indicates the need for a variety of teaching methods. Research findings suggest 
that the audio-tutorial (A-T) model is a viable alternative to tiaditional science 
instruction for some students (Kahlc,rta/., 1976, Cobb, 1977). Cobb (1977) has 
found that the A-T model, developed by S.N. Postlethwait of Purdue Univer- 
sity , can be extended to address the needs of black students at an urban southe rn 
college. Geisert (1977) reports some disadvantages as well as some advantages 
of A-T instruction. However, the overall response to this instructional mode has 
been favorable. 

The purpose of this study was to assess the general characteristics of south- 
ern, urban, junior college, minority students and to evaluate the relative effec- 
tiveness of A-T biology instruction for these students, A modified AT program 
was designed to provide an alternative to conventional lecture-discussion in 
struction in an introductory biology course. 
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Experimental Design 

The audio-tutorial program used in this study was an adaptation of the 
program developed at Purdue University. Changes were made to ensure that 
the needs and characteristics of black, urban, junior-college students were met, 
that the necessary resources were available, and that the instructional mode was 
compatible with teacher preferences. Thrce"changcs^in"thc"standard"audio- 
tutorial mode were made: 

1. The students were scheduled to attend independent study sessions at 
specific times. General assembly sessions were structured to review and 
elaborate on the materials presented during the independent study 
sessions. 

2. Subjective essay questions as well as objective test questions were used 
to provide opportunities for the students to practice and improve writ- 
ing skills. 

3. Final course grades were determined on the basis of actual points 
earned out of total points possible. 

During this study, the effectiveness of the modified A-T program was assessed 
by comparing the academic performance of students in two groups, a tradi- 
tional lecture-discussion group and an audio-tutorial group. Groups consisted 
of the students who registered for one of the two sections of an introductory 
biology class for science majors for one quarter. Analysis of variance of mean 
scores of the School and College Aptitude Test (SCAT) showed no significant 
differences between the two groups (Table 4. 16). The two groups were assumed 
equivalent on the basis of this analysis. 

Students in each group were exposed to the same subject matter by paral- 



TABLE4.16 

One- Way ANOVA of Total SCAT Mean Scores by Treatment Groups 





Moan 


Source 


df 


SS 


MS 


F Ratio 


F Probability 


Audio- 
Tutorial 


43T00' 


Between 


1 


20.0 


20.0 


.065 


.80 


Lecture- 
Discussion 




Within 
Total 


7 
8 


2144.0 
2164.0 


306.3 







ERIC 



100 



Double Dilemma 



lehng course content and testing procedures. Scores on instructor developed 
post- tests, weekly tests, and the final examination were used to assess achieve- 
ment. 

While the effectiveness of the A-T method of teaching was the locus ol the 
experiment, demographic data were collected and analyzed for four sections of 
introductory biology in order to characterize this sample of students and to 
compare them with other samples utilized as part of the total project. For 



TABLE 4. 17 

Demographic Data for Urban Junior College Biology Students 
from Two Successive Quarters 
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Age 
16-21 
22-25 
2f>-35 
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16 

29 
24 
32 



% of 

Student Characterist ic N To tal Sampl e 

Sex ~ 38 

Female 71 

Male 29 
Community Type 38 

Rural 

Small City 

Disadvantaged Urban City 
Advantaged Urban City 
Parental Kdueation 38 
Advanced Degree ^ 
College Graduate 13 
Post High School 18 
High School Graduate 

Not High School Graduate 21 
Family Size 38 
2 Children 26 
3-5 Children 34 
More than 5 Children 40 

Work Hours/Week 33 
Less than 5 18 
5-10 
10-20 
20-40 

More than 40 



12 
15 
29 
15 



63 
29 
8 
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example, Rottci's Internal/External (I/E) Stale (Rotter, 1966) was used to 
assess lotus of tontrol orientation. Cognitive styles were assessed using the 
Group Embedded Figures Test (GEFI ) (Oltman, ti al. } 1971). Students 1 atti- 
tudes toward biology were assessed with the Biology Attitude Stale (Russell and 
Hollander, 1975). The Spatial Experience Questionnaiic (MtDanicl, et ai t 
1978) was used to measure the number and enjoyment of spatial experiences of 
students. 



Results and Discussion 



Table 4.17 reports the demographic data derived from four sections of 
introductory biology. Most of these students are female (71 %), they tome from 
dit cist- community types, and few have parents with college degrees (13%). 
They represent a broad spectrum uf ages (16-35). Forty percent are from fami- 
lies with more than five thildren and 44% are employed 20 or more hours a 
week. 

TABLE 4.18 



Descriptive Statistic s for Prc-Tests of Achievement, Attitude, Learning Style, 
and Spatial Experience 



Test 


TPP 


N 


X 


3D 


R 


Pre-Tcst 


85 


35 


27.37 


8.76 


12-54 


Pre- Altitude 


110 


34 


65.85 


27.50 


10-104 


Group Ivmbeddcd 
Figures Test 


18 


23 


4.91 


3,85 


0-14 


Rotter's I/E 
Scale 


23 


10 


9.44 


4.30 


0-16 


Spatial Experience 
Quest ionaire 


150 


8 


46.50 


16.11 


21-68 


KEY TPP - lutdll 


ul.iCs Possible, N 


- Number, X 


- Mean, $13 - 


Standard Deviation, R * 



Range. 



The mean scoies fiom tests used to assess important student characteristics 
are found in Table 4. 18. The mean score on the Group Embedded Figures Test 
(X « 4.91) suggests these students arc field-dependent. The mean score on the 
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Rotter I/E Scale (X - 9.44) indicates that, in general, most of the students in 
this sample have lucus uf control orientations which arc neither highly internal 
nor external. 

The mean score (X - 46.50) for the Spatial Experience Questionnaire 
suggests that the subjects have had few spatiaUxpcricnccs (McDaniel, et al, 
1978) and that they do not enjoy spatial activities. Achievement was measured 
by a one-way analysis of variance of post-test mean scores of the audio-tutorial 
and the lecture-discussion groups, -A^ignificant difference was Jbund.bctwcen. 
the A-T group and the lecture-discussion group in favor of the audio-tutorial 
group (Table 4. 19). 

f TABLE 4. 19 



One- Way ANOVA of Post-Test Mean Scores by Treatment Groups 





Mean 


Source 


df 


SS 


MS 


F Ratio F Probability 


Audio- 


54.50 


Between 


1 


708.15 


708.75 


13,65 0.003 


Tutorial 














Lecture- 


38.75 


Within 


12 


623.25 


51.94 




Discussion 


















Total 


13 


13,320.00 







A one-way analysis of variance also assessed any differences in attitudes 
toward biology between the two instructional groups. The results indicated no 
significant difference in attitude between the two groups. Students taught by the 
A-T instructional mode did not score higher than students taught by the lecture- 
discussion mode. Therefore, in this sample, mode of instruction did not affect 
attitude but did enhance achievement. 



Summary and Implications 

The results of the investigation indicate that the achievement levels of 
southern, black, urban, junior-college students in an introductory A-T biology 
class were greater than achievement levels of students in a conventionally taught 
class. The mode of instruction, however, did not affect their attitudes toward 
biology. Further study of these instructional modes using a larger sample of the 
student population is needed to provide greater support as to which mode of 
instruction is suitable for a minority student population. Further research con- 
cerning the effect of demographic variables is also needed so that a more corn- 
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plctc perspective of variables which affect student achievement may be devel- 
oped. 
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REMARKS 

Assisting women faculty at minority institutions through the total research 
and dissemination process was the major focus of the Purdue minorities and 
women's project. While the target population was women from the colleges 
which compose the Alabama Center for Higher Education (ACHE), one of the 
studiesJncMed^ a partici pant on the 

campus of Washington University in St, Louis, Missouri, 

During the first summers workshop, Sandra Taylor, formerly an instruc- 
tor of sociology at Talladega College, was accepted for graduate studies at 
Washington University. To complete the full circle of advanced study skills, the 
original goal of the project, and to accomplish the objectives of the project, 
Taylors study was implemented at Washington University, Subjects used in 
this study were selected from the Washington University student population 

The purpose of the study performed by Taylor was to predict students 1 
locus of control orientation based on their classroom verbal behavior patterns 
Since the sample population was not representative of a student population for 
minority institutions, inferences were not made to students at the ACHE insti- 
tutions. However, this study is included in the monograph because it reflects the 
success of the project in training minority women in investigating research 
problems, presenting papers at national conventions, and preparing papers for 
publication. 

Classroom Verbal Behavior Patterns as Indicators of 
Locus of Control Orientation 

Sandra Taylor 

Although it was not possible to show that classroom verbal behavior is an 
indicator of a person's locus of control orientation, this study suggests that it 
may be a better predictor for males. 

Introduction 

The locus of control construct has received increasing attention over the 
past few years. Studies indicate that one's locus of control orientation may have 
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considerable impact on one's behavior (Lefcourt, 1976; Pharcs, 1976). The 
dimension of locus of control describes an orientation along a continuum from 
internal to external. Individuals are described as internal if they believe they 
control their own destiny rather than bting controlled by some outside force. 
On the other hand, individuals who believe their lives are controlled by outside 
forces are described as external (Rowe, 1978a). 

Internally oriented persons are more likely to exercise control over their 
lifestyles than externally oriented persons. Therefore, internal individuals en- 
deavor to control life's occurrences. For example, internally oriented students 
preparing for an examination probably exert more conscientious efforts in 
studying. In addition, they may contribute more during class, asking questions 
and seeking verification of their ideas. 

Usually, external individuals do little to shape the course of their lives, 
Externally oriented students may prepare less for tests, believing that the out- 
come of an examination is contingent upon factors other than their preparation, 
Using the same reasoning, external individuals may not think that it is worth- 
while to ask questions or to seek clarification through classroom discussions, 
One s classroom behavior pattern may serve as an indicator of one's locus of 
control orientation. 

In this study, locus of control orientation was viewed as existing along a 
continuum from internal to external. Because a positive reinforcer tends to 
strengthen the potential for a certain behavior among internal individuals (Rot- 
ter, 1966) and since class participation was one of the criteria for the student's 
grade, it was hypothesized the internal individuals would contribute more 
frequently and more extensively to class discussions. 



Methods and Materials 

The purpose of this study was to identify locus of control orientation by 
observing verbal classroom behavior and to validate the observed orientation 
with the adult Nowicki-Strickland measure. The rationale for this was if instruc- 
tors could quickly and reliably assess a students locus of control orientation, 
they could use more appropriate instructional strategics. This study was imple- 
mented to ascertain any possible relationships between classroom behavior 
patterns and lecus of control orientation. First, appropriate criteria were estab- 
lished, then a limited case study format was used to observe and record behav- 
iors. The following hypotheses were investigated: 

1 . The higher the degree of intei nality , the more responses a student will 
make during a class; and 
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2. The higher the degree of internality, the longer the response a student 
will give. 

Initially, the verba) behaviors for 15 students enrolled in a college-level sociol- 
ogy class were recorded. These verbal behaviors were recorded according to the 
following categories: 

1 . Number of questions asked (query soliciting information before lecture 
- ^^presentation)' *~ ~~ ~~ 

2. Voluntary response (comment and/or question following lecture or 
student presentation) 

3. Fluency of comment (compound sentence without pause(s) and the use 
of tt uhY , and to ahy') 

4. Assignment remarks (positive feedback or approval after an assignment 
was made by the instructor) 

5. Response quality (statement initiating responses from more than one 
other student simultaneously). 

When one of the above listed behaviors occurred, a notation was made in the 
appropriate category for the student demonstrating the behavior, This log of 
verbal behaviors was kept over 12 one-hour class sessions, Tape recordings of 
the communications during the class sessions were made also and served as a 
check of the written log. Each student's verbal behavior was described by the 
number and variety of patterns noted during the 12 class sessions These obser- 
vations were quantified by assigning points to each internal behavior and by 
deriving point totals. 

Next, the adult Nowicki-Strickland scale, 1 a measure commonly used to 
ascertain an individual's locus of control orientation, was administered to all 
students. The Nowicki-Strickland scale ascertains an individual's locus of con- 
trol orientation based on his/her response to specific questions, The student's 
locus of control score was correlated with the quantitative observational score 
Due to operational problems similar to those explained by Rotter ( 1 976), signif- 
icant correlations between the Nowicki-Strickland scores and the recorded ob- 
servations were not obtained. Yet, these analyses indicated that verbal behavior 
within the classroom might be an indication of a student's locus of control 
orientation. Therefore, the study was redesigned, and a limited, in-depth case 
study was implemented. 

The revised procedure included only six subjects, selected on the basis of 
their observed verbal behavior patterns. Total response score was used to select 
the subjects. The sample consisted of the two students (one male, one female) 
having the highest score, the male and female students having the lowest score, 
and the male and female students having the median number of points. These 
pairs were designated as external, internal, and medium respectively Although 
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the original tape- recorded communications and the anecdotal log were ana- 
lyzed more extensively, new observations were made under two fairly con- 
trolled classroom situations. Du:ing lecture sessions, the instructor presented 
information, and student verbal interactions consisted of direct questions. 
Other class periods involved student presentations, during which students re- 
ported on their own specific projects. 

During both sessions, records were kept of two aspects of verbal behavior; 
number of responses and length of responses. The total number of student 
responses made during lecture sessions constituted one data source. Length of 
response was categorized as short (one sentence) or long (more than one sen- 
tence). Lcngth-of-rcsponsc data were collected on the first direct question asked 
after a student presented his or her project. Content, accuracy, or elaboration of 
response was not studied. 

Results 

The efficacy of the observational data to identify locus of control orienta- 
tion is provided in Table 4.20 and graphed in Figure 4.5. Thr expected pattern, 
that is, more and longer verbal responses indicative of an internal locus of 
control, was found in the three male subjects. These subjects were distributed 
along the Nowicki-Strickland scale. However, the expected pattern was not 

TABLE 4.20 



Comparison of NowickirStrickland Assessment 
with Number and Length of Response 





Nowicki- 
Strickland* 


Number 
of Responses 


Length of Response* 


Male 








Internal 


7 


II 


> one sentence 


Medium 


13 


5 


^ one sentence 


External 


21 


4 


:£ one sentence 


Females 








Internal 


6 


3 


:£ one sentence 


Medium 


8 


13 


> one sentence 


External 


10 


6 


> one sentence 



KEY: £ I sentence - short response; > 1 sentence - long response. 



•The lower the number, the more internal the students. 
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FIGURE 4.5 



Relation of the Number of Responses to the Locus of Control Orientations 
of Six Selected Subjects 
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found among the female subjects. Although their verbal behaviors suggested 
internal, medium, and external orientations, their Nowicki-Strickland scores 
were clustered at the median (8.0). Among female subjects, observed verbal 
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classroom behaviors weie nut indicative of locus of control orientations. The 
tape recordings and anecdotal logs were studied to explain these gender differ- 
ences. These revealed that the most internal male was the most verbose of the 
three males in the study , that is, the internal male made more and longer 
responses when compared with the other two males in the study. Only the 
internal male asked consecutive questions after a lecture arid interrupted a 
lecture either to ask a question or make a comment. 

The internal female did not initiate any verbal behavior. The only re- 
sponses made by this subject were involuntary, based on having the responsibil- 
ity for discussing her project. The internal female appeared to be unique since 
she was the only subject remaining silent unless directly called upon. Thus, it 
appears that the internal female would not have contributed to class discussions 
at all if she had not been required to discuss her project. 

The median scoring male appeared to be responsive only in cases of ques- 
tions concerning his particular project. Not only were his responses involun- 
tary , but they were also brief. The majority of his responses were monosyllabic 
"yes" or "no." Although the median male was less responsive than other subjects, 
he occasionally made voluntary contributions. On the other hand, it seems that 
little, If anything, would have kept the median female silent. The median 
female, in addition to exhibiting verbal behavior, tended to transform her 
responses into mini-lectures, lengthy and elaborate. 

The external male's verbal behavior differed slightly from that of the me- 
dian male. However, the external male made fewer responses and was shorter 
In his sample response than the other males. Although the external female made 
comments that evoked interest, her comments were always short and she did not 
claboiatc on them. Other students, however, tended to expound upon her ideas 
which instigated several classroom discussions. 



Implications 

There have been studies of locus of control orientation and its relationship 
to academic achievement, to personal and social interactions, and to prob.cm 
solving strategics (Joe, 1971, Phares, 1976, Rotter, 1966, and Rowe, 1978b). 
l iiis research has attempted to identify student verbal patterns which may be 
indicative of locus of control orientation. If a simple observational procedure 
could be identified, instructors could use instructional strategics appropriate for 
internal or external students. The results of this study indicate that one's class- 
room verbal behavior docs not necessarily serve as an indicator of one's locus of 
control orientation. In this limited sample, internal students were not always 
the most verbose or external students the most silent. Although it was not 
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possible to show that classroom verbal behavior is an indicator of a person's 
locus of control orientation, this study suggests that it may be a better predictor 
for males. 

This study indicates the need for expanded observations on the subjects, It 
is suggested that observations of the students in nonacademic settings, such as 
their dormitories and the student union, may be needed to supplement the 
classroom behavior data. In addition, further investigation might entail study- 
ing the nonverbal behavior of students in the classroom. These added observa- 
tions may result in identifying a scries of behaviors which indicate locus of 
control orientation and which are easily interpreted by college instructors 

NOTE 



1. A copy of the Nowicki-Stuckland scale is available from Dr. S. Nowicki, Emory' 
University, Atlanta, Georgia 30322. 
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5 A Profile of Southern 
Minority 
Undergraduates 

The 1977 assessment of science by the National Assessment of Educa- 
tional Progress (NAEP) included, for the first time, items to measure atti- 
tudes. Analysis of these items has revealed an important contradiction: 
Groups that traditionally do least well on cognitive items — blacks, those 
living in urban' disadvantaged areas, and those living in the Southeast — 
show more favorable attitudes toward science classes and science as a career 
than do groups with higher cognitive scores on this and previous (1969, 
1973) science assessments. —Jane Butler Kahle, 1980 



Introduction 



As the participants from the five cooperating colleges and the university 
became acquainted, they shared experiences, problems, and hopes concerning 
the education of their students. Eacji participant was actively involved in minor- 
ity education in the sciences. Indeed, their lives and careers were witnesses to 
their dedication. During the initial summer's woikshop, they were asked to 
analyze and to interpret findings, abstracted above, from the 1977 National 
Asscssmcn >f Educational Progress concerning minority achievement in and 
attitudes toward science. Many of their students were typical of the groups in 
which the pattern of low achievement and positive attitudes had been found. To 
interpret this anomaly and analyze factors affecting the science achievement of 
their students, they developed a survey to collect demographic data concerning 
undergraduate cnrollccs at southern minority institutions. In addition, they 
selected and agreed upon a battery of standardized measures which could be 
selectively used by each participant. Although each would use only the mea- 
sures appropriate for her research (and acceptable on.hcr campus), they all 
would administer an identical form of each construct. That is, if information 
concerning locus of control orientation was desired, Rotter's Internal/External 
scale would be used rather than another instrument such as the adult Nowicki- 
Strickland measure. Thus, the data collected would provide a base for compari- 
son between institutions in the project as well as for other researchers. In 
addition, it was anticipated that this large scale characterization of southern 
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minority students might yield insights which would enhance both student learn- 
ing and administrative effectiveness at the cooperating institutions. 



One purpose of this project was to characterize a representative sample of 
undergraduate students at five southern minority colleges and universities so 
that their educational needs could be better met. The majority of the students 
were enrolled in introductory biology courses, while a smaller numbci were 
enrolled in mathematics and social science courses. 



Demographic Survey 

A demographic survey, presented in Appendix C, probed deeply into 
societal, familial, and personal characteristics of the students. Efforts were 
made to create a simple, yet reliable and valid survey instrument. Sensitivities 
of students, cooperating faculty, and institutional administrations were consid- 
ered in the survey design. Standard descriptions of community type and of 
community size, developed by the Educational Commission of the States for 
their assessments of educational progress, were used. In addition, all responses 
were numerically coded in the same order from small to large, so that meaning- 
ful correlations could be computed. 

It was agreed that the implementation of the survey as well as the utiliza- 
tion of standardized measures would be subject to both institutional and indi- 
vidual constraints. For example, several participants deleted the items related to 
religious preference and personal finance, and all subjects were instructed to 
delete any item which they felt invaded their personal privacy. Since all subjects 
did not complete the entire questionnaire, the number of responses for items 
varies. 

Information collected by printed surveys is confounded by problems of 
completeness, accuracy, and interpretation. Although the participants (or ex- 
perienced psychologists on the participant's campus) administered the survey 
and were available to answer questions, the results must be considered tentative 
and subject to error. For example, efforts were not made to ascertain accuracy 
of responses with institutional records. In addition, some responses relied on 
siudcnt memory (number of periodicals received weekly in home) or on student 
interpretation (socio-economic level of home community). Lastly , although a 
shorter version was field-tested at Miles College and Alabama A&M University 
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during the preceding spring, the survey was an initial attempt by the partici- 
pants to gather demographic data. 

However, student responses provide a general description of the sample 
which includes socio-economic level of home community, population of home 
community, number of siblings, parental level of education, number of periodi- 
cals in the home, gender of student, choice of college major, numb r of previous 
science courses, and hours of student employment. The data, presented in 
Tables 5.1, 5.2, and 5.3, character!'"; the students at four of the participating 
institution* as well as the combined sample. Of the the total sample, 55% were 
females, while 45% were males. Of the total sample, 82% of the students were 
in the 16-21 age group, and 76% of them were freshmen or sophomores. 
Although 94% of these students worked at paid jobs while in college, 39% of 
them worked less than 5 hours per week. Data gathered on their family back- 
grounds indicated that 38% came from farnUics with five or more siblings, that 
the majority of their parents (55%) had completed high school, and that 26% of 
their parents had completed college. In 36 % of their families, both parents lived 
at home and boih worked. About a third of the students came from communities 
under 25,000 and a third from cities over 200,000. Students selected descriptors 
(rural, disadvantaged urban, and advantaged urban) about equally to charac- 
terize their home communities. 



Standardized Measures 

Additional data were collected concerning aptitude, abilities, attitudes, 
cognitive learning styles, number and enjoyment of spatial experiences, levels 
oi mathematical anxiety, and locus of control orientations. Again, the instru- 
ments, listed in Appendix D, were not used in all schools so the number of 
responses vaiy. Although the tests have been referred to in Chapter 4, a com- 
prehensive description of them is a prerequisite for interpreting the information 
in this chapter. 

Two measures of personality were studied, cognitive style and locus of 
control. Cognitive style was assessed by the Group Embedded Figures Test 
(GEFT), which identified "the extent of competence at perceptual disembed- 
ding" (Oilman, 1971). The test requires that the individual identify and trace 
simple figures embedded within complex ones. There is a total of 18 possible 
points. Individuals with high scores are considered field-independent (FI); 
those scoring low are classified as field-dependent (FD). 

The personality dimension of locus of control was assessed by Rotter's 
internal-external (IE) scale. Rotter's scale was developed to determine an indi- 
vidual's orientation along a continuuirurcfcrrcd to as locus of control This scale 
has 23 items. Each item is composed of two statements, for example, (a) "What 
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TABLE 5.1 

Demographic Data: Personal Characteriitici of Southern Minority Studenti by Percent 



Sex Age Major Work Hours 



Institution 


M 


F 


16-21 


22-25 


26-35 


Soc. Sci. 


Hum. 


Sci. 


Educ. 


Unci. 


Under 5 


5-10 


11-20 


24-40 


Over 40 


1 


47 


53 


82 


13 


7 


23 




10 


31 




56 










2 


44 


56 


83 


11 


6 


49 


10 


10 


11 


18 


20 


10 


23 


25 


4 


4 


29 


71 


63 


29 


8 


11 


5 


63 


18 


3 


18 


12 


15 


39 


15 


5 


28 


72 


94 






42 


14 


30 






54 


28 








Combined 


45 


55 


82 


13 


5 


41 


9 


18 


18 


13 


39 


13 


18 


19 


5 



KEY: Blank « Item not used or (lata not available. 
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TABLE 5.2 



Demographic Data: Family Characteristics of Southern Minority 
Students by Percent 



School 




Family Size 




Parental Education 


Reading Materials 


0 


1 2 3-4 


>5 


<H.S. 


H.S. 


>H.S. 


0 1 


1-5 6-10 


1 




11 


42 


19 


37 


56 


42 




2 


10 


13 14 23 


41 


22 


34 


41 


4 25 


43 21 


4 


5 


19 17 14 


36 


21 


34 


45 


8 21 


39 24 


5 


3 


14 25 35 


25 




39' 




6 23 


38 30 


Combined 


6 


14 17 26 


38 


20 


35 


46 


5 23 


38 28 



KEY: Blank - Item not used or data not available. 



•Data combined to £ high school education. 



happens to inc is my own doing" and (b) "Sometimes I feel that I don't have 
enough control over the direction my life is taking." Each student responds by 
selecting the alternative s/he believes to be more descriptive of the student's own 
view. There arc no right or wrong answers, and numerical values arc arbitrarily 
assigned so that aggregate high scores imply an external locus of control orienta- 
tion, while low scores reflect an internal locus of control orientation. The exter- 
nal orientation indicates that the person believes that rewards arc contingent 
upon the behaviors of powerful others or fate. An internal orientation indicates 
that the individual believes s/hc is in control of cither the rewards or criticisms 
related to behavior. 

TABLE 5.3 



Demographic Data: Community Characteristics of Southern Minority 
Students by Percent 





Under 


25,000 


Fringes 


Over 


School 


25,000' 


to 200,000 


2: 200,000 


200,000 


1 


41 


28 


4 


27 


2 


33 


25 


14 


28 


4 


24 


13 


11 


53 


5 


38 


19 


6 


38 


Combined 


36 


24 


9 


31 



•Descriptors from National Assessment of Educational Progress 
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In addition to the GEFT and Rotter's IE scale, the School and College 
Aptitude Test (SCAT), Spatial Experience Questionnaire (SEQ), and Biology 
Attitude Test (ATT) were given to .nost subjects. The Math Anxiety Rating 
Scale (MARS) was administered on only one campus. 1 

The School and College Aptitude Test (SCAT) assesses the scholastic 
aptitude of an individual. A standardized test, which can be given, at the pre- 
college or college level, it consists of verbal and quantitative subsections. The 
verbal section (SCATV) uses verbal analogy items to assess language under- 
standing. The quantitative section (SCATQ) measures how well a student 
understands basic numerical operations by using comparison items. For exam- 
ple, some items involve a comparison of the magnitude of two mathematical 
quantities. According to the test manual, the quantitative items have been 
designed to place minimum emphasis on reading and to require quantitative 
understanding and insight, rather than to measure traditional computational 
skills. The test yields a verbal, quantitative, and total score. Each sub-section 
has a maximum of 50 points, making a total possible score of 100 points. 

Another instrument used was the Spatial Experience Questionnaire 
(SEQ). It was dev eloped as a screening tool to discern the number of spatial 
experiences and the extent of one s enjoyment of spatial experiences and to 
estimate one's spatial ability. The instrument is divided into four subsections, 
three of which were used. The first one asks the participant to rate on a scale of 
"never" to "very often" the extent of their participation in 25 activities such as 
sketching house plans, solving mathematical riddles, drawing/painting, and 
sewing/embroidering. The second section requires that the person rate, on the 
same scale, the amount of enjoyment they receive from each experience. The 
third section provides an estimate, according to the respondent's personal rat- 
ing, of the ease with which the participant performs certain spatial .tasks. For 
example, the third section of SEQ assesses spatial ability by analyzing compe- 
tency to construct a mental map of a city, to manipulate mentally a mathemati- 
cal equation, and to v isualize the rotation of a cube. The maximum score for the 
first two sections is 150 points, and the ability section has a maximum score of 12 
points. 

Another instrument generally used was a Biology Attitude Test (ATT). 
The attitude test uses two different scales to gather information on students' 
attitudes toward biology. Tins measure had proved reliable with other samples 
of minority students. The first part of the instrument consists of 14 statements, 
expressing attitudes about biology. Respondents rate the statements according 
to the extent of their agreement or disagreement. Representative items state. "It 
makes me nerv ous to ev en think about doing a biology experiment" or "I feel at 
ease in biology and like it v cry much." Ratings range from "strongly disagree" to 
"strongly agree." The second part of this attitude measure is an eight item 
differential scale that allows respondents to choose descriptive terms that ex- 
press their fcJings toward biology. The scoring procedure indicates the degree 
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of positive or negative attitudes a persun has toward biology, and again there arc 
no correct answers. Arbitrarily high scores arc indicative of positive attitudes 
toward biology. 

Mean scores of total sample, actual range of scores, standard deviations, 
total possible points, and number of schools involved arc recorded in Table 5.4. 
These data were used to answer questions concerning minority education in 
several ways. In some cases, the subjects were divided into categories based on 

TABLE 5,4 



Mean Scores and Standard Deviations 
for Cognitive and Aptitude Tests 











Total 


Number o 










Possible 


Schools 




X 


Range 


SD 


Points 


Involved 


IK(N « 386) 


9.98 


0-23 


3.8 


23 


5 


GEFI'(N - 374) 


5.23 


0-18 


4.5 


18 


5 


SEQ(N - 288) 


47.40 


2-99 


18.3 


150 


2 


ATT(N - 380) 


74.60 


0-110 


17.9 


no 


5 


SCATV(N - 242) 


16.10 


1-50 


6.5 


50 


3 


SCATQ(N - 242) 


14.70 


0-40 


5.9 


50 


3 


SCATT(N - 242) 


30.80 


0-90 


10.7 


100 


3 


OLMAT (N - 123) 


31.01 


8-65 


12.4 


80 


I 


MARS(N - 68) 


219.00 


98-324 


7.4 


490 


I 



the mean score lor the entire sample. For example, the internally oriented 
sample (<9) was compared with the externally oriented sample (>10) by 
several personal, societal, and academic factors. In other cases, mean scores 
were compared with mean scores of comparable samples. Generally, however, 
the combined data collected from both the demographic survey and various 
standardized instruments provided a composite indication of personal, social, 
and academic attributes of southern minority college students. 



Profile of Undergraduates 



Both the demographic survey and the battery of standardized measures 
had a twofold purpose, to describe a sample of southern undergraduates at 
minority colleges and universities and to provide a basis for comparison of 
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FIGURE 5.1 

Effects of Socio-economic Status on Selected Variable! 
78 1 




READING / NEWSf*P€RS PREVIOUS SCIENCE MAJOR 




KEY: Disadvantaged urban, N - 66; Advantaged urban, N - 117; Rural, N - 80. 
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individual school samples. The participants were particularly interested in the 
following questions: 

1 . What factors affect the selection of a college major? 
2 What factors contribute to a student's personality dimension of locus of 
control? 

3. Do personal, family, or social factors affect a student's cognitive style? 

4. What is the effect of gender on achievement, enrollment in science 
courses, and selection of major? 

5. Does the number of hours students work vary across these campuses? If 
so, how can academic programs be adjusted to better suit the needs of 
working undergraduates? 

Answers to these as well as other dimensions of undergraduate southern minor- 
ity sc ience education were suggested by both the individual and collective data. 
Each participant has discussed her results in an earlier chapter, now we shall 
report the collective data. 



Home Community 

The results were tabulated by community type, a characteristic that re- 
flects socio-economic status, to ascertain its relationship to the following varia- 
bles amount of periodical literature available in homes, previous enrollments 
in science courses, choice of college major, and mean scores on selected mea- 
sures. Students selected the community type which best described the commu- 
nity in which they had attended high school. Figure 5.1 displays bar-graph 
descriptions of the sample by three community types, disadvantaged-urban, 
advantaged-urban, and rural. Using the National Assessment of Educational Pro- 
gress (NAEP, 1979) descriptors, "disadvantaged-urban* (low income metropoli- 
tan) includes communities in or around cities with a population greater than 
200,000 in which a high proportion of residents are on welfare or not regularly 
employed. "Advantaged-urban" (high income metropolitan) communities are 
described as those in or around cities with a population greater than 200,000 
where a high proportion of the residents arc in professional or managerial 
positions. "Rural" communities are defined as areas where the population is less 
than 25,000 and where most of the residents are farmers or farm workers, 

As Figure 5. 1 shows, regardless of community socio-economic level, most 
subjects had from one to five periodicals or newspapers available in their homes. 
In addition, the data in Figure 5.1 suggest that more southern minority students 
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from rural schools have had science courses at both the college and high-school 
level than students from either advantaged or disadvantaged urban areas Al- 
though 41% of the students who described their home communities as disad- 
vantaged urban had taken science in high school, only 20% of them enrolled in 
science courses in college. Our data indicate that disadvantaged black students 
enroll in science in high school, but few continue in college. Two factors may 
contribute to this finding; usually only one science or mathematics course is 
required for high school graduation (NSF, 1980). Often students may select 
science, avoiding both fundamental and advanced courses in mathematics The 
lack of mathematics courses effectively eliminates students fror college science 
courses. Stake and Easlcy (1978), Ignatz (1975), and Kahle (1979) attribute low 
science enrollments among minorities to academic tracks which allow for little 
flexibility in high-school programs and to inadequate counseling of minority 
students. The largest percentage of subjects, regardless of community type, 
selected social science as their college major. Science majors comprise the next 
largest percentage of this sample. The dichotomy found in the 1977 National 
Assessment of Educational Progress of Science between attitude toward and achieve- 
ment in science is reflected in our data. Students describing themselves from 
urban disadvantaged communities comprise the highest percentage selecting 
science as a major. This is in keeping with the NAEP results that showed that 
black 13- and 17-ycar-olds valued scientific studies and thought that careers in 
science were worth both the expense and the time involved (Kahle, 1979) 2 

The remaining data in Figure 5.1 illustrate mean scores on various stand- 
ardized measures by community type. In the case of some measures, namely 
Rotter's Internal/External scale (IE), the Group Embedded Figures Test 
(GEFT), and the Biology Attitude Test (ATT), high mean scores do not reflect 
higher abilit ; es or aptitudes. Rather, respectively, they indicate a more external 
locus of control, a more field-independent mode of cognitive style, and more 
positive attitudes toward biology. However, in other cases, such as the verbal, 
quantitative, and total mean scores of the School and College Aptitude Test 
(SCATV, SCATQ, and SCATTOT), higher mean scores indicate higher pre- 
dicted levels of college achievement. 

Although mean scores on selected tests do not differ significantly by com- 
munity type, one pattern emerges. Among this sample of southern minority 
college students, subjects from disadvantaged urban areas have slightly higher 
mean scores on most of these measures than students from advantaged urban or 
rural communities. Although it could be argued that only the most able students 
from disadvantaged urban areas continue to college, two of the participating 
institutions, Miles College and Atlanta Junior College, have open admission 
policies and attract students mainly from urban areas. It has been suggested by 
Kahle (1979) that urban area compensatory educational programs for the disad- 
vantaged may account for these slightly higher achievement levels. Our data 
corroborate that suggestion. 
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Figure 5.2 compares percentages of females and males by previous science 
experience, college major, locus of contiol orientation, and cognitive style. The 
data indicate that males take more high school science courses than females, yet 
equal percentages of men and women enroll as science major*. Perhaps, women 
in college arc freer of the social and peer pressures which restrict their enroll- 
ment and performance in high school science courses (Vockcll and Lobonc, 
1981). In addition, only slight differences are noted between percentages of men 
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and wumcn selecting specific cullege majurs. In education, there is a noticeable 
difference, also a higher percentage uf males have not decided on a major. 

Differences are found, however, in locus of control orientation. Using the 
mean score of the total sample (10) on Rotter s IE scale to divide the subjects into 
two categories, internal (<9) or external (> 10), 63% of the females have an 
external orientation, while 37% arc internally oriented. On the other hand, 
55 % of the male subjects are externally oriented while 45% view themselves as 
internally controlled. These differences in percentages of males and females 
grouped according to locus of control orientation follow a previously noted 
pattern, that is, as a group, females tend to be more externally oriented than 
males (Phar „ 1976; Feather, 1968). 

Students were aiso divided into two groups, field-independent and field- 
dependent, based upon the mean scores of the GEFT test of cognitive style. In 
(his sample, subjects scoring at 5 and above were grouped as field-independent, 
while those scoring at 4 and below were categorized as field-dependent. Divided 
on this mean, 59% of the total sample was grouped as having a ficld-depcnclent 
cognitive style. When males and females arc divided separately, a higher per- 
centage of females (62%) than males (54%) arc characterized as field- 
dependent. Although Witkin claims that "the difference in means between the 
sexes is quite small compared to the range of scores within each sex," he and 
other researchers have found that scores of male and female subjects form a 
bimodal distribution (Wilkin, 1977, p. 7). According to Maccoby and Jacklin 
( 1 974), "it is well known that males tend to score higher than females on tests of 
Ticld-indepchucncc' w (p. 104). They also state that this finding holds across 
measures of cognitive style. Our findings with a major sample of southern 
minority students support a gender difference in mode of cognitive style. 

A further examination of Figure 5.2 shows a similarity between the per- 
centages of males and females grouped according to locus of control orientation 
and to mode of cognitive style. In this sample, mode of cognitive style and locus 
of control orientation arc significantly correlated (N - 330, r« - .1355, 
p- .007). (See Tabic 6.2.) These results support Witkin's (1977) contention 
that the constructs of locus of control and cognitive styles arc closely related 

A battery of standardized measures was used by the participants to gather 
information concerning academic and personal attributes. Mean scores were 
calculated by gender for each measure. These arc displayed in Figure 5.3 
Generally, the data do not reveal any differences between the sexes. There is, 
however, a slightly higher mean score on the Spatial Experience Questionnaire 
m favor of males. Thut>, in this sample of minority students, males have had 
more spatial experiences and have enjoyed such activities more than females 
This finding parallels research concerning majority students (Bouchard and 
McGcc, 1977, Pctrusic, Varro, and Jamieson, 1978, Vandcrbcrg and Kust, 
1978; Guay and McDanicl, 1978). 
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FIGURE 5.3 

Mean Scores of Males and Females on Selected Standardized Measures 
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Cognitive Style 

One of the attributes which has been identified as contributing to achieve- 
ment differences in science is ones mode of cognitive st>lc. Cognitive style 
refers to the way in which one perceives one's environment. Recently Cross 
(1976) and Douglass (1978) have suggested that type of cognitive style also 
affects how efficiently one learns in a particular learning environment and how 
effectively one solves problems. These aspects of cognitive style are discussed in 
Anthony and Sanders contributions in Chapter 4 and arc pertinent to a discus- 
sion of the combined data as well. 

GEFT scores for all participating schools were combined, and mean (5.23) 
and median (3.88) scores were calculated. These two averages reflect the 
skewed distribution, illustrated in Figure 5.4, and indicate a relatively field- 
dependent mode of cognitive style among these students. This sample mean was 
below the means (10.8-12.3) of other college samples, shown in Table 5.5. For 
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Distribution of Scores on the Group Embedded Figures Test 
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TABLE 5,5 



GEFT Mean Scores for Selected Samples of College Students 



Researcher 


Description 


N 


Sex 


Mean 


Witkin, 1971 


College Students 


155 


M 


12.0 






242 


F 


10.8 


Witkin, Moore, 


College Graduates 


1 ZjO 


ivi oc r 


1 1 « u 


Goodcnough, and Cox, 1977 


Graduate Students 


550 


M & F 


11.6 


Wit kin, Moore, 


ocieiicc iviajors 


tu 1 


ivl 




Oooocnougii, and oox, iy/ / 




1 I'X 
1 / 0 


t? 
r 


19 1 




"Other" Majors 


373 


M 


11.5 






409 


F 


11.5 




Education Majors 


155 


M 


12.0 






242 


F 


10.8 


Carter, 1981 


Biology Majors 


43 


M 


4.4 




Southern Minority 


53 


F 


3.0 




Colleges 


96 


Comb. 


3.6 


Collins, 1981 


Biology Majors 


45 


M 


8.9 




Southern Minority 


47 


F 


6.6 




Colleges 


92 


Comb. 


7.4 


Kahlc, 1981 


Southern Minority 


193 


M 


5.3 




College Students 


234 


F 


4.4 






427 


Comb. 


5.2 



further analyses, the sample was divided intu field-independent and field- 
dependent subgroups. In urder tu obtain a leasunable number in each category, 
those scoring at ur iibove 12 (N » 44) were placed in a ficld-indcpcndcnt sub- 
group, while those scoring at or below 3 (N *■ 175) were categorized as a field- 
dependent subsarnplc. These subgroups were compared on several factors. The 
portion of the sample scoring between 3 and 12 on the GEFT test was not 
included in these analyses. 

Percentages of students grouped as relatively field-dependent or field- 
independent were compared by community size, by college major, and by mean 
scores on standardized instruments, Figure 5.5 shows the percentage of field 
dependent or field independent students who live in different sized communi- 
ties. Generally, the highest percentage of field-dependent students come from 
the smallest communities and their number decreases proportionately as com- 
munity size increases. This trend holds until a large urban community is de- 
scribed where the percentage of students classed as field-dependent increases to 
25%. Douglass (1981) has identified several reasons for this finding. She states. 
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FIGURE 5.5 

Percentages of Relatively Field-Independent and Relatively Field-Dependent 
Students by Community Size 
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KEY: PI - ^eld-Independent, Scores 2: I2(N - 44), FD - Ficld-Dcpcndcnt, Scores £ 3 (N 
175). 
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Wc would expect inner city students to be relatively field-dependent 
because, due to their social status, they are forced to juggle more things at 
one time. . . . This is required of people who have school, job, survival, 
and child care responsibilities. They do not have the luxury of concentrat- 
ing on a discrete task independent of the embedding context, that is, of 
their environment and social circumstances. 
She continues her explanation with the observation that a rural student has 
several similaiitics with the inner city student. Often rural students have re- 
sponsibilities at home (chores) as well as school. Many times the students have 
responsibilities which arc not clearly defined and which, therefore, require a 
global perspective. Rural students usually must coordinate chores, home re- 
sponsibilities, and school work. They may not be able to concentrate on a 
discrete task. In contrast, many suburban/college bound students (fringes 
> 200,000) work only in the summer, have no child care responsibilities, and 
often do not have home responsibilities. Therefore, these students are able to 
focus on school work alone. Thus, they have the luxury of using a field- 
independent mode in their approach to their environments (Douglass, 1981). 

Figure 5.6 presents percentages of relatively field-independent or field- 
dependent students selecting each college major. Data presented in Figure 5.6 
show that a higher percentage of students selecting science as a major are 
field-independent. Witkin, etai, (1977) found that "students whose preliminary 
major choices at college entry were compatible with their cognitive style were 
likely to remain with those majors through college and into graduate school." 
However, those with incompatible choices tended to shift majors (p. 208). This 
same study also found some tendency for field-independent students to perform 
better in mathematics and the natural sciences. Our minority group data agree 
with the majority of studies with college populations that relatively field- 
independent students have been found to achieve significantly higher in science 
as well as in mathematics, architecture, and engineering (Dubois and Cohen, 
1970, Hunt and Randhawa, 1973, Rosctt, Robbins, and Watson, 1968). Thus, 
the selection of science as a college major by more field-independent students at 
minority colleges and universities is similar to and supports previous findings. 
Evidently all of these data reflect a greater success in science by field- 
independent students. 

The remaining data presented in Figure 5.6 show percentages of relatively 
field-independent and field-dependent students scoring above the mean on each 
of the standardized tests used. In all sections of the School and College Aptitude 
Test, more field-independent students scored above the mean. This finding is 
consistent with others which show a relationship between a field-independent 
mode of cognitive style and other measures of school ability and aptitude 
(Douglass, 1976, Lehman, 1979, Shcrris, 1980). However, nearly equal per- 
centages of field-independent or field-dependent students were characterized as 
internal or external, and equal percentages had positive attitudes toward biol- 
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FIGURE 5.6 



Descriptive Data for Relatively Field-Independent and 
Relatively Field-Dependent Students 




MAJOR 



£EY: Fl - 'Field-Independent, Scores 2: 12 (N - 44), FD - Field-Dependent, Scores £ 3(N - 
175). 

ogy. More ficld-indcpcndcnt students scored above the mean on the Spatial 
Experience Questionnaire, indicating that these students had and enjoyed more 
spatial experiences. 

In summary, when this sample of southern minority students was divided 
into two groups, relatively field-independent and field-dependcnf, the following 
differences were noted: 
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1. The sample did not form a normal distribution according to scores on 
the GEFT test of cognitive style. 

2. Generally, percentages of field-dependent students decreased with in- 
creased size of home community. 

3. Twenty-three percent of the students selecting science as a college ma- 
jor had a field-independent mode of cognitive style, whereas only 14% 
uf those characterized as field-dependent indicated science as their ma- 
jor. 

4. Higher percentages of students classed as field-independent scored 
above the group mean on the following measures. SCAT verbal, SCAT 
quantitative, SCAT total, and SEQ. 

5. Approximately equal percentages of field-independent and field- 
dependent students had positive attitudes toward biology and were 
identified as internally or externally oriented on a locus of control scale. 



Locus of Control Orientation 



Another attribute which was analyzed extensively was the personality di- 
mension of locus of control. Many studies have found that blacks and persons 
from disadvantaged socio-econumic situations generally sec themselves as more 
externally controlled than majority individuals and those from higher socio- 
economic levels (Battle and Rotter, 1963, Lcfcourt and Ladwig, 1966). Joe 
(1971) suggests that these 

. . . data are consistent with the theoretical expectation that individ- 
uals who are restricted by environmental barriers and feel subjected to 
limited material opportunities would develop an externally oriented out- 
look on life. Also, social class interacts with race so that individuals from 
the lower classes and minority groups tend to have high expectancies of 
external control (p. 624). 

Both mean and median scores for Rotter s IE scale (9.98 and 10 38 respectively) 
were obtained. As Figure 5.7 shows, the total sample approximated a normal 
distribution, but with some emphasis toward the external control side of the 
distribution. The sample mean was similar to that of other comparable samples, 
shown in Table 5.6, which ranged from 7.12 to 9.79. Scores more than one 
standard deviation (±3.8) above and below the mean were used to separate 
subjects into two groups, internal and external, those scoring at or above 14 
were considered externally oriented, while those scoring at or below 6 were 
considered internally oriented. Again, the middle group of students was not 
included in the following comparisons. 
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TABLE 5.6 



Internal/External Mean Scores for Selected Samples of College Students 



Researcher 



Gore and Rotter, 1963 



Ware, 1964 



Crown and Conn, 1965 



Rotter, 1966 



Hsich, Shybut, and 
Lotsof, 1969 



Armstrong, 1980 



Carter, 1981 
Collins, 1981 
Kahle, 1981 



Description 


N 


Sex 


Mean 


oU 


Florida State Univ. 


62 


M 


— 


— 


Black students enrolled 


54 


F 






Psychology 


116 


Oomb. 


ft ft* 


Q C.C 

O. OO 


Kansas State Univ. 


46 


M 


7.71 


3.84 


Elementary 


68 


F 


7.75 


3.79 


Psychology 


114 


Comb. 


7.73 


3.82 


18-ycar-olds 


32 


M 


10.00 


4.20 


from Boston Area 


25 


F 


9.00 


3.90 




57 


Comb. 


9.56 


4.10 


Ottis State 


575 


M 


8.15 


3.88 


Elementary 


605 


F 


8.42 


4.06 


Psychology 


1180 


Comb. 


8.29 


3.97 


Anglo American 


131 


M 


- 


- 


108 


F 


8.42 


4.06 




239 


Comb. 


8.58 


3.89 


American Chinese 


38 


M 


— 






42 


F 


— 


— 




80 


Comb. 


9.79 


3.07 


Chinese (Hong Kong) 


241 


M 


- 


— 




102 


F 


— 


— 




343 


Comb. 


12.07 


3.96 


Purdue University 


24 


M 


7.12 


3.13 


Biology Majors 


33 


F 


7.57 


3.88 




57 


Comb. 


7.39 


3.56 


Elementary Education 


3 


M 


8.67 


2.88 


Students Enrolled in 


106 


F 


8.52 


4.16 


Introductory Biology 


109 


Comb. 


8.52 


4.12 


Minority College 


45 


M 


9.04 


3.50 


Students in Introductory 


59 


F 


9.98 


3.52 


Biology Course 


104 


Comb. 


9.58 


3.53 


Minority College 


45 


M 


8.93 


4.19 


Students in Introductory 


47 


F 


8.34 


4.56 


Biology Course 


92 


Comb. 


8.63 


4.37 


Minority Students from 


165 


M 


9.78 


3.78 


Five Southern Colleges 


218 


F 


10.16 


3.83 




383 


Comb. 


9.97 


3.81 
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FIGURE 5.8 

Percentages of Relatively Internal and Relatively External Students 
by Community Size and Parental Education 
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FIGURE 5.9 

Descriptive Data for Relatively Internal and Relatively External Students 
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KEY; Internal - Scores * 14 (N - 59); External - Scores £ 6(N - 80). 



Percentages of students grouped as internal and external are shown in 
Figures 5.8 and 5.9. Figure 5.8 presents the percentages of these subgroups who 
are either internal or external in their locus of control orientation by community 
size and level of parental education. A higher percentage of the internally 
oriented subjects came from small communities (less than 25,000) and from 
families in which the parents had at least a high school education. 
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Interestingly, the data presented in Figure 5.9 concerning choice of college 
major by internally or externally oriented students supports certain precepts of 
this dimension. For example, more internally oriented individuals select science 
as a major. Since the scientific process, by definition, explicitly excludes fate, 
chance, or luck, external students have not selected science as a field of study. 

Higher percentages of internally oriented students score above the mean 
on both the verbal and quantitative portions of the SCAT test. However, the 
difference in percentages is not as great as those found between field- 
independent and field-dependent students on these same measures. Only slight 
differences arc noted in percentages of external or internal students scoring 
above the mean on uthcr measures (cognitive style, spatial experiences, atti- 
tudes toward biology). 

Again, certain conclusions may be drawn from the data concerning locus 
of control orientation. 

1 . The sample was nearly norma ly distributed according to locus of con- 
trol orientation. 

2. Higher percentages of internally oriented students came from rural 
home communities and had parents with at least a high school educa- 
tion. 

3. Science was selected as a college major by a higher proportion of inter- 
nally oriented students than externally oriented ones. 

4. Approximately equal percentages of both internal and external stu- 
dents score above the mean on selected standardized measures of apti- 
tude. 

Summary 



Many suppositions were substantiated and others brought into question by 
the combined data on this sample of minority students. For example, the stu- 
dents were nearly normally distributed along the locus of con'rol continuum, 
However, a markedly skewed distribution was found in relation to mode of 
cognitive style. When extreme scores from the total sample were used to select a 
relatively field-independent subsample and a relatively field-dependent sub- 
sample, common characteristics became evident. For example, the field- 
dependent subsample was described as living in either rural communities or in 
large urban areas, as preferring social science or education for a college major, 
and as scoring slightly below the mean on all measures of aptitude and of spatial 
experience. On the other hand, the subsample of students designated as inter- 
nally oriented (those who scored one standard deviation or more above the 
mean on Rotter s I/E scale) were more likely to be from rural communities, to 
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have parents with at least a high school education, and to select science as a 
college major. 

The range of scores obtained on selected standardized measures (Table 
5.4) should be noted as well as the general distribution of students according to 
demographic factors (Tables 5.1, 5.2, and 5.3). Obviously the participating 
colleges draw from a variety of communities and socio-economic levels, attract- 
ing a diverse undergraduate population. The data, collected by survey and by 
standardized instruments, provide a profile of a previously undescribed popula- 
tion. Insights from these data should help college administrators and faculties to 
better meet educational needs of southern minority college students. 



1, Tins test la described in Chapter 4 in Gwendolyn Davis, "The Efficacy of Spatial 
Ability and Othci Selected Measures in Predicting Mathematics Achievement uf 
Minority Students." 

2. Kalile {1070) cites die fullowing National Assessment of Educatiunal Prugrcss data. 
82% uf bLick 17 ycar-uids cumparcd with 58% of white 17-year-olds think that 
.science shuuld be required, 73% uf black 17-ycar-ulds cunipared with 54% of white 
17 year-olds think that science cducatiun is, in the lung run, wurth .lie expense and 
effort expended. 
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Reflections and 
Recommendations 



If a nation expects to be ignorant and free, in a state of civilization, tt 
expects what never was and never will be. - Thomasjeffersonfromaletterto 
Col. Charles Yancey, January 6, 1816. 



Introduction 



The small number and relatively low status of women and minority scien- 
tists in higher education is an area of national concern. As described in Chapter 
1, three barriers have been identified which inhibit participation and advance- 
ment by these groups: 

1 . Limited access to advanced training, 

2. Insufficient access to formal and informal networks relating to research 
and publishing, and 

3. Lack of role models. (Baker and Hartley, 1979, p. 3). 

The project described in the preceding pages addressed all three barriers. 
The target population was women in science and science education from the 
colleges and universities which compose the Alabama Center for Higher Educa- 
tion. The project was designed to assist these women through the total research 
and dissemination process from experimental design to publication of articles 

Participants 

Successful recruitment was largely due to the personal approach used by 
Cobb. Although there was no attempt to select on any factor except the aca- 
demic competencies necessary for the rigorous work required, all participants 
were black and most had common backgrounds, goals, and personalities. Most 
were from small families, had baccalaureate degrees from minority institutions, 
held master degrees from majority institutions, and taught in private church- 
supported institutions. After selection, all participants delineated their goals 
and completed the Mycrs-Briggs personality assessment* so that the project 
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could be structured appropriately. Interestingly, according to this instrument, 
all of the participants had similar personality inventory patterns. The Myers- 
Briggs Type Indicator identifies individuals along four dicotomous scales, 
extrovert/introvert, sensing/intuitive, thinking/feeling, and judging/percep- 
tive. An individuals type consists of the combination of one preference from 
each of the four scales (Charlton, 1980). Although the participants varied as to 
personality type, all placed in the judging category. That is, they all preferred 
objectives, order, and clear plans. This finding affected the project in two ways. 
First, the participants personalities were compatible with the goals of the pro- 
ject, and, second, the individual projects were structured so that each worked 
toward her goal in a deliberate, organized fashion, assuring the eventual success 
of her research. The similar personalities also facilitated the completion of the 
collective project. 

Participants benefitted from the opportunities afforded by the project both 
as individuals and as future leaders in science education. Although only accom- 
plishments completed during the tenure of the project can be tabulated now, 
they arc impressive. Advances have been divided into two categories, those 
affecting the individual women and those affecting the group in general. 

Individual Accomplishments Related to Project Goals 

1. Seven of the original 10 participants returned for the second summer. 

2. Six of the seven completed articles about their research. 

3. All submitted their papers to an appropriate journal. 

4. Two of the seven served on review panels for the National Science 
Foundation. 

5. Five of the seven returned to universities for advanced degrees or post 
doctoral work. 

6. Two of the seven conducted workshops concerning women in academia 
on their home campuses. 

7. Two of the seven presented follow-up papers at a major regional meet 
ing, partially at their own expense. 

8. One was appointed to a national committee on the status and role of 
women in biology education. 

Group Advances Related to Project Goals 

1. Extensive liasons formed between the participants and the over 20 
women who were cither paid or volunteer consultants during the period 
of the grant. 
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2. A close, cooperative peer network developed between the participants, 
which continues to provide immediate aid and mutual support even 
while working on their individual campuses. 

3. A supportive professional network of women in science education de- 
veloped and is operating at three levels, among advanced professional 
women, between advanced professional women and entering profes- 
sional women; and among entering professional women. 

4. An informal pattern of mentors was promulgated and is evident at 
national and regional conventions, in the job market, and through 
informal exchanges of ideas and expertise. 

The above are professional accomplishments, it is beyond the scope of 
these pages to describe the personal friendships and liasons which developed, 
Taken together- both personal and professional -a new working, supportive 
cadre of women in science arfd science education now exists. 

Participating Institutions 

Differences and similarities among the five cooperating southern institu- 
tions have been noted in previous chapters. Three of them, Miles, Stillman, and 
Talladega Colleges, arc in the tradition of the historical black college -small, 
private, and historically church-supported. The other two reflect different influ 
enecs in southern, minority, highu education. Alabama A&M University is a 
land grant institution, whose founding was instigated by the Morrill Act in 
1890. It has served southern black students by o cring technical and agrkul 
tural education. Modem changes mandated the founding of Atlanta Junior 
College. As the demand for higher education for minorities increased in the 
1960s, southern college and university systems were strained to accept addi- 
tional students. Atlanta Junior College, part of the University of Georgia Sys- 
tem, was established to provide convenient access to college education for all 
residents of Atlanta. Regardless of these historical differences, all five institu- 
tions have primarily black students. They constitute, therefore, a major future 
resource of potential minority scientists, engineers, and technicians This po- 
tential has not been fully realized, although specific programs have been insti- 
gated and are continuing to be developed through consortia efforts 

Similarities and Differences 

Because individual participants and institutions chose whether to adminis- 
ter the demographic survey, data from all institutions is not available, How- 
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ever, .he responses are representative of the three basic types of institutions in 
the project. The data, displayed in Tables 5. 1 , 5.2, 5.3, were collected at Miles 
and Talladega Colleges (black, liberal arts), at Alabama A&M University 
(black, land-giant), and at Atlanta Junior College (black, urban). 2 The data 
indicate differences ainung these three kinds uf institutions. For example, stu- 
dents attending institutions m urban areas (Miles and Atlanta Junior colleges) 
more often huld outside jobs and work longer hours than those attending the 
other schools. According to Table 5.1, over 60% of the students attending Miles 
and Atlantajunior College work more than 10 hours per week at an outside job. 
No student surveyed at Talladega or at Alabama A&M reported working over 
10 hours/week at an outside job. Whether this difference is due to administra- 
tion of the questionnaire, age of student, socio-economic status of student and 
his/her family , availability of jobs, or location of institution was not ascertained. 
However, Atlantajunior College students reported the greatest number of 
work houis and were generally older than students at othei colleges surveyed. 

Student work patterns in the urban institutions surveyed indicate a need 
for flexible schedules and curricula. Participants from both Atlantajunior and 
Miles colleges expiessed concerns with their institutional schedules. Specifically 
if potential black scientists are to be trained at these institutions, flexible sched- 
ules, alternating Iaboiator> and lecture sessions in the evenings, are mandated 
This type of scheduling may require longer than the traditional quarter or 
semester foi course completion, and this adjustment must be made also In 
addition, self-paced instaiction such as the audio-tutorial programs discussed in 
Chapter 4 at Talladega, Miles, and Atlanta Junior colleges may be essential to 
meeting the needs of such students, although they may not be as cost effective as 
traditional formats. 

Another difference, noted in Table 5.2, which may be attributed to an 
urban setting is the number of periodicals available in homes. Students attend- 
ing urban colleges reported more access to these materials. Two differences, 
number of work hours per week and number of outside reading materials, may 
be attributed, then, to urban location, not to type of institution. 

Another difference among these institutions was noted in the ratio of fe- 
male to male students. The data, displayed in Table 5.1, were collected in 
biology and mathematics classes, yet more women than men students were 
recorded at Atlantajunior College and at Talladega College, while approxi- 
mately equal numbers of males and females were recorded at Miles College and 
Alabama A&M University. The number of women attending urban colleges 
part-time is probably the cause of this difference at Atlantajunior College. 
When the participants were queried about the disproportionate number of 
women reported at Talladega College, they responded that enrollment data 
show more female than male students at historically liberal arts colleges for 
blacks. Tins fact is masked in the data collected at Miles and Stillman colleges 
because biology classes, which enroll more males, were studied. They suggested 
the traditional pattern in southern black families has been to send daughters to 
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college. Even today, families are more likely fur sucial reasons to enroll daugh- 
ters than sons in small, church-related, black colleges. 

The sue of home communities of the total sample (Figure 5.3) reflects the 
location of the respective institutions, except in the case of Miles College. 
Although Miles College is within the greater metropolitan area of Birmingham, 
Alabama, over 30 % of its students come from rural communities. Paiucipants 
from Miles College attribute this finding to its histoi ical and religious traditions 
as well as to its open admission policy . Tiaditionally Miles College has provided 
higher educational opportunities for students throughout Alabama. In the fu- 
ture, perhaps the various programs such as the Community Outreach Pro- 
gram, sponsored by ACHE, will increase the number of minority rural students 
attending all types of southern colleges and universities. 

Although there arc similarities among these southern minority institu- 
tions, there ai ; interesting differences. Some differences (reading materials, 
working houis) are attributable to the location of the school, others (gender 
ratio, home communities) arc related to type of institution. Some of these 
differences, however, may require different staffing and scheduling patterns on 
individual campuses. 



TABLE 6.1 



Full-Timc BUck Enrollment as Percentage of Total Enrollment by Type and 
Control of Institution, 1976 and 1978 



Type and Control 
Institution 




Year 

1976 


1978 


Public Universities 


N 


75,996 


102,162 




% 


4.8 


9.7 


Private Universities 


N 


31,403 


44,825 




% 


6.5 


4.3 


Other 4-Year Public 


N 


223,208 


322,718 




% 


11.9 


30.6 


Other 4- Year Private 


N 


107,116 


142,050 




% 


9.4 


13.5 


2-Year Public 


N 


205,395 


414,640 




% 


13.1 


39.3 


2-Year Private 


N 


16,479 


27,972 




% 


13.9 


2.7 



SOURCE, lie Condition oj Education* 1978, p. 118, The Condition of Education, 1980, p 110 
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Continued Growth and Development 

Throughout this work, concern has been expressed about the education of 
minorit) students. In addition, the future of historically black institutions of 
higher education has been addressed. Indeed, national data such as that pre- 
sented in Table 6.1 gives rise to these concerns. This table presents the enroll- 
ment of blacks as a percentage of total enrollment at six different types of 
institutions of higher education. Foi example, blacks account for over 39% of 
the total enrollment in public, two-year colleges. On the other hand, blacks 
comprise only 13% of the total undergraduate enrollment at private four-year 
colleges. Although the percentage of blacks in the total enrollment of private 
colleges increased by 4% between 1976 and 1978, there is no clear indication 
that the increase was at traditional black colleges. During that same period, 
blat k enrollment as a percentage of the total enrollment at other types of institu- 
tions increased dramatically. For example, black students as a percentage of 
total enrollment increased 26% at public two-year colleges, 19% at public 
four year colleges, and 15% at public universities. All of these enrollment 
trends raise concerns over the future of traditional black, private, liberal arts 
colleges such as Miles, Talladega, and Stillman. If these enrollment trends 
continue into the 1980s, both Alabama A&M University and Atlanta Junior 
College will thrive. However, public two-year institutions are relatively new 
and outside of the traditional educational route of black students. Their success 
in fostering the development of minority scientists, doctors, dentists, and engi- 
neers has not been assessed. 

Varied solutions have been ofTcred recently concerning increased minority 
participation in higher education, two are pertinent to our discussion. Kenneth 
Chirk (1979) has developed the thesis that historically black colleges should 
"become academics with educational objectives of seeking to compensate for the 
previous 12 years of educational inferiority and prepare their students for a 
single standard high level of collegiate, graduate, and professional education" 
(p. 64) He maintains that the task requires a fundamental "rethinking of the 
traditional structure, organisation, objectives, and goals of higher education of 
American blacks which were inherited as part of a legacy of American racism" 
(p. 64). This icthinking will necessitate redefining the traditional four-year 
program for a baccalaureate degree and altering course offerings at many mi- 
nority institutions. As he says, we must a . . . define a college degree not in 
terms of the appearance of academic courses, not in terms of a stated amount of 
time, but in terms of actual academic achievement. Each student must be 
provided with the time he or she needs to reach a level ofaciidcmic performance 
which would make him or licr able to compete with others on a single standard 
of academic competition" (p. 64). 

Clark's proposal is directed at colleges such as Miles, Stillman, and Tfilla- 
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dega. When his article was discussed with women faculty from these institu- 
tions, they unilaterally rejected his suggestions. They considered his approach 
both objectionable and racist. Each expressed concern about the "brain drain" 
Irom their campuses to prestigious northern colleges and universities. In fact, 
some maintained that taeii ablest students were lured away with financial 
packages. In addition, they worried about the rising cost of education at histori- 
cally black colleges so that these institutions were no longer competitive with 
public southern institutions, now accessible to black students They hoped, 
huwevei , that increasing numbers of bright black students would elect to attend 
historically black colleges. They clearly perceived the role of these colleges to 
educate black leaders and professionals, and, as faculty members, they focused 
on continuing that historical mission. They were not interested in, indeed, they 
were insulted by, the suggestion that their colleges become interim "academics * 

If Clark's direction is to be fruitful, the faculties and administrators of these 
institutions will have to radically change their stance. Obviously the Alabama 
Consortium of Higher Education has sought another answer It has provided a 
way for southern minority colleges to pool their strengths and resources in order 
to upgrade their curricular offerings. 

A second suggestion is diiccted toward providing higher education for 
more black students. Howevci, it may not strengthen the historically black 
colleges and universities, indeed, it may have the opposite effect Lewis (1979) 
documents the need for non-traditional community colleges established specifi- 
cally to deal with the students' educational deficiencies. For example, he main- 
tains that twu-ycar, nontraditional colleges could provide opportunities 
M , . . lor students who did not complete high school subjects which are required 
for four year college admissions, to be able to take such subjects; for students 
who lack skills necessary for success in four-year college subjects, to be able to 
improve such skills, and for students whose high school grade point average is 
not high enough for admission to a four-year college, to be able to improve their 
scholastic records* (1979, p. 40). Both Claik and Lewis are suggesting the same 
basic solution to the problem of increased minority participation in higher 
education; that is, the improvement of the students' basic skills and academic 
backgrounds. 

However, they arc suggesting alternative ways of reaching that goal. Lcwk 
(1979) suggests that this goal is beyond the mission of the historically black 
colleges. He sees their conn ibution as prov iding black leaders who will contrib- 
ute to a "democratic pluralistic society, through [their] transformation of the 
black community from a disadvantaged, poverty crippled segment of American 
society into a liberated ethnic group" (p. 40). He recommends that the histori- 
cally black colleges establish new missions as well as high standards for selecting 
and evaluating students. The minority two-year community college, on the 
other hand, will focus on the special needs of nontraditional students. The 
faculty participating in this project concurred with Lewis 1 evaluation of the role 
of traditional black colleges. 
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Buth directions should lead to increased opportunities in higher education 
tailored to the needs of more black students. The complexity of the problem, as 
well as the strong tradition of southern minority colleges and universities, 
suggests that both directions must be taken. 

Participating Students 

This project concerned upgrading the research skills of women faculty at 
minority institutions. However, each of these women was primarily concerned 
with another issue, that is, with Improving learning In hei classroom. Their 
research projects were not academic exercises in statistical final yses 01 in con- 
trolling internal and external experimental errors, they were realistic appraisals 
of their students — of the personal, social, and academic factors affecting 
achievement in their classes. In the long run, the success of the project lay not so 
much in the number and expertise of the consultants nor in the sophisticated 
research skills Icdi ned, .is in the stride made b> the participants in understand- 
ing how to help their Mudcnts learn. Their intense research effects were directed 
toward that goal. 

The combined data collected by the participants displayed several signifi- 
cant correlations. These correlations, based on d.ita in Table 6.2, are as follows. 

1. Locus of control and cognitive style, individuals with an internally 
oriented locus of control ("internals") had a more field independent 
mode of cognitive style. 

TABLE 6.2 



Pearson Product Moment Correlations between Selected Variables 





IK 


GRIT 


SCATV 


SCATQ 


SCATT 










-.15 


-.18 


IE 






NS 


005) 


(105) 










P-.059 


P-.033 




-.14 




.52 


.33 


.52 


GEFT 


(330) 




(119) 


(119) 


(118) 




p - .007 




p-.OO! 


p«.00! 


p - .00 1 




-.14 


.20 










(268) 


(236) 


NS 


NS 


NS 




p - -012 


p«*,00l 









KKY: ( ) - Nj NS - Non-Significam. 
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2. Locus of control and number and enjoyment of spatial experiences: 
"internals** had more spatial experiences and enjoyed them more than 
external individuals. 

3. Cognitive style and number and enjoyment of spatial experiences: 
field-independent students had more spatial experiences and enjoyed 
them more than field-dependent individuals. 

4. Standardized measures of verbal and quantitative ability (SCAT V, 
SCAT Q, and SCATTOT) with locus of control and with cognitive 
style: Internal individuals had higher scores on the SCAT quantitative, 
while field-independent individuals scored higher on both the verbal 
and quantitative portions. High SCAT total scores correlated signifi- 
cantly with both internal locus of control orientation and field- 
independent cognitive style. 

Although the first three itemized correlations were expected, several 
results were not. For example, the sample was not expected to approximate a 
normal distribution in regard to locus of control (Figure 5.7). Many studies 
have reported that minority studentsarc oriented more toward the external end 
of that continuum. Howevei, E^coflcry reported that in three predominantly 
black colleges, Virginia State College, North Carolina Agricultural and Tech- 
nical College, and Morgan State College, the sense of locus of control of male 
undergraduates was determined more by contemporary social forces than by 
personality type (EscofTcry in Weinberg, 1977, p. 146). Our data indicate that 
more students rank in the external than the internal half of the locus of control 
scale. 

The locus of control orientation of minority students is important in two 
ways. First, science precludes a belief in "luck," "fate," or "powerful others"; 
therefore, potential minority scientists must be internally oriented in terms of 
control. Second, the correlations between internal control and standard mea- 
sures of academic aptitude suggest that improved achievement may be obtained 
by helping students become more internally oriented. 

Research concerning locus of control orientation has focused on under- 
standing and interpreting this personality dimension, not on changing or redi- 
recting individual orientations. However, Rowc's (1978) pioneering work indi- 
cated directions that arc successful with younger students. Some of these 
techniques maybe extrapolated to older students. For example, science instruc- 
tion must provide sufficient time to work with experimental materials so that 
events may be repeated. Such experiences will introduce the notion that events 
arc rcphcablc and, therefore, under one's own control. She suggests that the 
opportunity to work directly with science materials is especially important for 
external individuals. She states, "This may be the most specific kind of interven- 
tion available to help them develop a sense that the world can to some extent be 
managed by them. . . . There may be a connection between developed ability 
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to understand and manage science phenomena and problem solving in social, 
economic, and political contexts" (p. 393). It is important that minority students 
with external orientations be enrolled in laboratory, science experiences, 

The extremely skewed distributions of the sample in relation to cognitive 
style was not expected (Figure 5.4). However, this result is important. It indi- 
cates, for example, the need for both utricular and instructional changes In 
teaching primarily field-dependent students at southern minority colleges, in- 
structors should uac deductively sequenced currl. ^lar materials (Douglass, 
1979) and teach in a manner which maximizes learning by field-dependent 
students. For example, discussion sessions, directed problem-solving experi- 
ences, and controlled experiments in structured laboratories may be more perti- 
nent activities than discovery or open-ended laboratories. In addition, Cross 
(1976; has suggested that these instructional strategies may increase a student's 
ability to separate an object from its embedding field, i.e., to become more field 
independent. Although it is not suggested that a field-independent mode is 
preferable to a field-dependent one, academic success, particularly in science, 
mathematics, and engineering, is related to a field-independent cognitive style 

Because of the sensitivity surrounding the use of standardized measures of 
ability and aptitude with minority students, the participants were particularly 
interested in the correlations between the GEFT test and the subscores and total 
scores of the School and College Aptitude Test, These results suggest the short, 
non-verbal, easy-to-grade Group Embedded Figures Test may be used as a 
preliminary screening tool fur minority students. Its results could be used with 
other information about the students to place students in remedial sections, to 
suggest teaching strategies appropriate for the majority of students, and to 
counsel students into appropriate majors. 

A profile of specific characteristics of a sample of southern minority stu- 
dents iias been presented, now recommendations to increase their participation 
in science are needed. As a 1980 report to the President of the United States 
states'. 

Whatever the causes, the minority undcrrcprcseiitation in science oriented 
pursuits begins early in the educational process. Blacks and Hispanics enter college 
at lower rates that Whites. ... 

Once started in college, both Black and Hispanic students withdraw at slightly 
higher rates than do White students at four-year institutions. Under all circum- 
stances, the withdrawals are heavily (73 percem-88 percent) for non-academic 
reasons, which suggests that economics play a significant role. (NSF/DOE, 1980, p 
62-63) 

I he need for additional financial aid has been discussed in Chapter 3. The 
consortium of colleges and universities participating in this project has focused 
efforts to raise monies. However, more is needed. 
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Another recommendation to increase the participation of minorities in 
science is based upon data from the National Assessment of Educational Pro- 
gress (1978) as well as from many independent studies. Considerable evidence 
shows that positive attitudes are developed in the secondary schools by success- 
ful participation in science courses and continual cxposuic to appropriate role 
model*. Any increase in the number of black scientists, then, must be based on 
changes in early secondary education such as definitive counseling of minority 
students into science and mathematics classes. 

Summary 

The intent of this project was to enhance the research skills and pi uductiv - 
ity of women faculty at minor ,ty institutions. In the course of reaching that goal, 
other priorities were identified and examined. For example, the participants 
overriding concern with then institutions and their students led to analyses of 
factors affecting each of them. Although it is beyond the sco r c of this book to 
analyze ihe myriad of factors affecting minority higher education, it is hoped 
that the analyses anil discussion within these pages will help focus icsouiccs and 
efforts to eliminate barriers to the full participation of minor ity students and to 
foster progress of minority institutions and their fa ulties. 

The results of the project suggest specific ways to alleviate barriers to 
women in academe. Specifically, for women in science and science education 
with primarily teaching positions, a change in research direction is recom- 
mended. Problems can be identified, experiments can be designed, and anal- 
yses can be run which require no materials beyond the curricula, no subjects 
beyond the students, anil no apparatus beyond the classroom or teaching labo- 
ratory. Research inio factors affecting the achievement of students can lead to 
personal as well as professional growth and advancement. 

This project, which has helped participants develop research and writing 
skills over a period of three years, has met its goal, the increased research 
productivity of women faculty at minority institution*. As a result, minority 
women, who have been described as the forgotten members of academe, have 
become active and productive on a national level. 

During the course of the project, two broader goals were identified, in 
creased participation of minority students in science courses anil careeis and 
continued growth ami development of southern minority institutions of higher 
education. The success of these participants, in conjunction with others, in 
reaching these two goals will be analyzed in future assessments, reports to the 
President, and research compendia. Progress has begun, let us hope that it 
continues. 
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NOTES 



1. The Mycrs-Briggi Type Indicator was analyzed by Linda DeTure (Appendix B), All 
inquires concerning its use and interpretation shuuld be directed to her. 

2. In urdcr to assure privacy, the institutions are not specifically identified in any figure 
or table. 
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Appendix A 



Biographies of Participants 



Nell Rice Anthony 



Before assuming her current duties as professor of elementary education and chair- 
person for the Department of Elementary Education at Alabama A&M University in 
1971, Nell Rice Anthony held appointments as an associate director of a fellowship 
program, a Trainer of Teacher Trainers Fellow in Curriculum and Teaching at Colum- 
bia University, an elementary methods teacher, and a demonstration teacher and con- 
sultant for in-service education. She has directed student teachers for approximately 10 
years. 

Dr. Anthony received her Ed.D. degree from Teachers College of Columbia Uni- 
versity in 1971 . She has co-authored an article entitled "Multicultural Education: A New 
Goal for Teacher Educators/ published by Kappa Delta Pi Record in December 1980. 
She was the recipient of the Outstanding Educator of America Award, 1974-1975. She 
also received the Certificate of Recognition from the Alabama Reading Association, 
1977, and the Certificate of Participation from the Follow Through Workshop, 1978. Dr. 
Anthony is a member of Kappa Delta Pi Honorary Society, the Association for Curricu- 
lum and Supervision, National Education Association, and the Alabama Education 
Association. 



Charlotte Carter 



Charlotte Carter received her M.S. degree from University of Tennessee in 1970. 
She served as an instructor of biology at Miles College in Birmingham, Alabama, from 
1970 to 1980. She was named an Outstanding Educator of America in 1973 and 1975. 
While an instructor at Miles College, she was active in organizations such as the Ameri- 
can Association of University Professors and the National Science Teachers Asfociation. 
She also served as advisor to the Alpha Sigma Chapter of Alpha Kappa Mu National 
Honor Society. 

Ms. Carter currently serves as a teaching assistant at Purdue University and as a 
university supervisor for undergraduate biology student teachers. She is enrolled in 
courses leading to a doctoral degree in science education. Her dissertation, supported by 
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the National Science Foundation, will concern factors affecting conceptual learning in 
science in early adolescent black students. 



Mildred A. Collins 



Mildred Collins, assistant professor of biology at Stillman College, Tuscaloosa, 
Alabama, has taught in its undergraduate biology program since 1967. Prior to that 
time, she was a biology instructor at Rust College and in the Grenada City School 
System, Grenada, Mississippi. 

Since receiving her M.S. degree from Tennessee A&I State University in 1966, Ms. 
Collins has been an active participant in several symposia. She also received the Educa- 
tor of the Year Award in 1974, and is a member of the American Institute of Biological 
Sciences, the National Science Teachers Association, and the American Association of 
University Professors. 



Gwcn Wilson Davis 



Gwen Wilson Davis has been an instructor in the Department of Mathematics at 
Talladega College, Talladega, Alabama, since 1978. She received her M .A, degree from 
State University of New York at Buffalo in 1974. Prior to her employment at Talladega 
College, she served as a mathematics instructor at Lawson State Junior College, Bir- 
mingham, Alabama, and Daniel Payne College, Birmingham, Alabama. 

Ms. Davis is an active member of the Alabama Association of College Teachers of 
Mathematics and the National Council of Teachers of Mathematics. She is also a mem- 
ber of Beta Kappa Chi Scientific Honorary Society. 



Barbara Small Morgan 

Barbara Small Morgan received her M.S. degree from Atlanta University in 1974, 
and smrr that time has taken additional courses at Georgia State University. She has 
served as an assistant professor of biology in the Department of Natural Science and 
Mathematics at Atlanta Junior College for seven years. 

Ms. Morgan is an active member of the American Association of University Profes- 
sors, the Association of Southeast Biologists, the National Science Teachers Association, 
the Georgia Academy of Science, and the International Congress for Individualized 
Instruction. She has received two academic scholarships. 
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Olivia H. Sanders 



Olivia H, Sanders is an assistant professor of education in the Department of 
Secondary Education at Alabama A&M University. Her experiences include four years 
of college-level teaching, five years as an instructional supervisor for Madison County, 
Alabama, and five years as a junior- high and high school teacher* 

Ms. Sanders received her Ed.D. degree from University of Alabama, Tuscaloosa, 
in »977, She is a member of the National Education Association and the Alabama 
Education Association. She, is active in Phi Delta Kappa, a professional education frater- 
nity, and Kappa Delta Pi, an honorary society in education. 



Sandra Taylor 

Sandra Taylor received her M.A. degree from Atlanta University in 1978. She 
served as an instructor of sociology at Talladega College, Talladega. Alabama, during 
(he 1978-71) school year. She is currently a research assistant in the Department of 
Sociology at Washington University, St. Louis, Missouri, where she is pursuing her 
Ph.D. degree in sociology. 

Ms. Taylor has been active in the following organizations: Alpha Mu Gamma 
Foreign Language National Honor Society, Alpha Kappa Delta Sociological National 
Honor Society, and Alpha Kappa Mu National Honor Society. She has been 'he recipi- 
ent of two academic scholarships. 
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Department of Biology 
Miles College 

Birmingham, Alabama 35208 

Ms. Maria Doolittle, Project Coordinator 
Department of Biological Sciences 
Purdue University 
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Ms. Sharon Artii, Project Officer 
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Washington, D C. 20202 
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NIE-Minorities and Women's Program 
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Wahington, D.C. 20202 
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Dr. Nell Rice Anthony 

P.O. Box 231, Department of Education 

Alabama A&M University 
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Ms. Barbara Small Morgan 

Departments of Natural Science and Mathematics 

Atlanta Junior College 
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Alabama A&M University 
Normal, Alabama 35762 
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Washington University 
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ThtAmtricm Bioiogy Tmher 
1 1250 Roger Bacon Drive 
Reiton, Virginia 22090 

Dr. Kay Deaux 
Department of Piychology 
Purdue University 
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Dr. Linda DeTure 
1049Tuscony Avenue 
Winter Park; Florida 32789 

Dr. Claudia Douglass 
Department of Biology 
Central Michigan University 
Mount Pleasant, Michigan 48859 
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School of Education 4 
Indiana University 
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Dr. Geneva Gay . 
Department of Education 
Purdue University 
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Ginn and Company 
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Dr. Classic Hoyle 

Affirmative Action, 105 Jessup Hall 
University of Iowa 
Iowa City, Iowa 52242 

Ms. Irene Johnson 

School of Science Administration 

Purdue University 

West Lafayette, Indiana 47907 
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Department of Education 
Purdue University 
West Lafayette, Indiana 47907 
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Department of English 
Purdue University 
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Department of Education 
Purdue University 
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Cornell University 
Ithaca, New York 14850 
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Purdue University 
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Dr. Jacqueline Sherris, Research Associate 
Departments of Education and Biological Sciences 
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Demographic Survey 

Please provide the following information about yourself, your school, and your commu- 
nity. All answers will be strictly anonymous and confidential. Please darken the appro- 
priate space on an answer sheet to indicate your selection (from A through E) for each 
item. 

!. Age in years 

a. 16-21 

b. 22-25 

c. 26-35 

d. 36-45 
c. over 45 

2. Sex 

a. Female 

b. Male 

3. Race 

a. African 
h. Black 

c. Caucasian 
(1. Hispanic 
c. Other 

4. College which you attend 

a. Alabama A&M University 

b. Atlanta Junior College 

c. Miles College 

d. Stillmari College 

e. Talladega College 

5. Researcher (please darken only one as appropriate for either 5 or 6) 

a. Dr. Anthony 

b. Ms. Carter 

c. Dr. Clarke 

d. Dr. Cobb 
c. Ms. Collins 
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6. Researcher (please darken only one as appropriate for either 5 or 6). 

a. Ms. Morgan 

b. Ms. Parsons 

c. Ms. Sanders 

d. Ms. Taylor 

e. Ms. Wilson 

7. Sue of home community in which you grew up 

a. Smaller places (population less than 25,000 and not classified in the fringes- 
around-big cities category) 

b. Medium city (cities of 25,000-200,000 not classified in the fringes-around-big- 
cities category) 

c. Fringes around big cities (outside of the city limits of cities over 200,000) 

d. Big city (over 200,000) 

8. Type of community in which you grew up 

a. Rural (communities under 10,000 where most of the residents are farmers) 

b. Small cities (10,000-50,000 mixed communities with one or two high schools) 

c. Disadvantaged urban communities (in or around cities of over 200,000 where a 
high number of residents are on welfare or are unemployed) 

d. Advantaged urban community (in or around cities of over 200,000 where a high 
number of residents are in managerial or professional positions) 

9. Level of parental education 

a. Parents did not graduate from high school 

b. At least one parent graduated from high school, but did not continue beyond high 
school 

c. At least one parent has post high school education 

d. At least one parent graduated from college 

c. At least one parent has an advanced degree (beyond college graduation) 

10. Size of family in which you grew up 

a. Only child 

b. Only one brother or sister 

c. Two brothers or sisters 

d. Three or four brothers or sisters 
c. Five or more brothers or sisters 

11. Family work pattern 

a. Two-parent family; one parent works outside of the home 

b. Two-parent family; both parents work outside of the home 

c. One-parent family; one parent works outside of the home 

d. One-parent family; no one works outside of the home (external support) 

12. Your marital status 

a. Married 

b. Single 
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13. Your own number or dependent children 

a. None 

b. One or (wo 

c. Three or four 

d. Four or more 

14. Type of family in which you grew up 
i. One or (wo parenti in home 

b. One parent and other adult relative! in home 

c. Two parenti and other adult rclativei in home 

d. Adult rclativei (aunti, unciei, grandparent, etc.) only in home 

15. Reading materials available in the home in which you grew up 

a. No magazines or newspapers taken in home 

b. Newspaper regularly taken and read in home 

c. I -5 magazine! and newspapers regularly taken and read in home 

d. 5*10 magazines and newspapers regularly taken and read in home 
c. Cannot remember 

16. Size of high school graduating class 

a. Under 25 

b. Between 25-50 

c. Between 50-150 

d. Between 150-500 

e. Over 500 

1 7. Previous science experiences, indicate the greatest number 

a. None 

b. One or more science classes in high school 

c. One or more science classes in college 

d. One or more science classes in high school and in college 

18. Previous college experience 

a. None 

b. Trades, technical or vocational school (post-high school) 

c. Attended one college other than the one in which you are enrolled presently 
(I. Attended more than one other college 

19. Number of hours you are enrolled in classes this semester 

a. Four or less 

b. Five to eight 

c. Nine to eleven 

d. Twelve to sixteen 

e. Seventeen or above f m m, 
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20. Number of hours you regularly work (arc employed) per week this semester 

a. Fewer than 5 

b. Between 5 and 10 

c. Between 10 and 20 

d. Between 20 and 40 
c. Over 40 

21. Your income per year 

a. $3,000 or below 

b. SS.SOOto^OOO 

c. $7,000 to $12,000 

d. $12,500 or above 

22. Probable (or actual) major in college 

a. Social sciences (psychology, economics, history, sociology, political science, 
business) 

b. Humanities (English, foreign languages, music, art) 

c. Science (mathematics, biology, chemistry, geology, physics) 

d. Edu cation (early childhood, elementary , secondary, special education) 
c. Undecided 

23. Classification in college 

a. Freshman 

b. Sophomore 

c. Junior 

d. Senior 

c. Unclassified (special student) 

24. Years you have attended college (full-time or part-time) 

a. Less than 1 

b. Between 1 and 2 

c. Between 2 and 4 

d. Between 4 and 6 
c. Over 6 

25. Financial aid this year 

a. No aid awarded 

b. Loan and/or scholarship between $100 and $500 

c. Loan and/or scholarhsip worth between $500 and $1 ,000 

d. Loan and/or scholarship over $1 ,000 

e. All college expenses paid by outside sources 

26. Religious affiliation 

a. None 

b. Catholic 

c. Jewish 

d. Protestant 

e. Other 
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Standardised Instruments 



1 . "Mathematics Anxiety Rating Scale," Rocky Mountain Behavioral Science Institute, 
Inc., Fort Collins, Colorado, 80521. 

2. McDaniel, E.D.; Guay, R.; Ball, L.; and Kolloff, M. "Spatial Experience Qustion- 
nairc," Department of Education, Purdue University, West Lafayette, Indiana 
47907. 

3. Nowicki, S. "Nowicki-Strickland Scale," Emory University, Atlanta, Georgia 30322. 

4. Oltman, P.K.; Raskin, E.; and Witkin, H.A. "Group Embedded Figures Test," 
Consulting Psychologists Press, Inc., Palo Alto, California 94306. 

5. Otis, A.S., and Lennon, R. "Otis-Lennon Mental Ability Test," The Psychological 
Corporation, Harcourt Brace Jovanovich, Chicago, Illinois 60648. 

6. Rotter, J. D. "Generalized Expectancies for Internal versus External Control of Rein- 
forcement," Psychological Monographs: General and Applied 80(1966): 1-28. 

7. Russell, J., and Hollander, S. "A Biology Attitude Scale," The American Biology Turner 
37,5(1975):270-273. 

8. "School and College Aptitude Test," Cooperative Tests and Services, Educational 
Testing Service, Princeton, New Jersey 08540. 
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